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i .O INTRODUCTION

1.1 Background

This Health and Safety Plan is intended to provide guidance for:
(l) personnel working on site in the remedial investigation at the
former Kopper's Company, Inc. South Cavalcade Wood Treating Facility
in Houston, Texas and (2) other personnel/general population in
proximity to site investigative activities. The plan has been
developed to minimize the risk of injury or illness resulting from
activities undertaken at the site during the remedial investigation.

A remedial investigation of the former South Cavalcade site is
being conducted to characterize the nature and extent of contamination
of soils, ground water, and surface water and its threat to human
health and environment. The remedial investigation consists of the
following general activities:

1. Monitoring well installation
2. Falling head permeability testing
3* Groundwater sampling (shallow and deep)
4. Surficial soil sampling
5. Subsurface soil sampling
6. Surface water sampling
7. Sediment sampling
8. Air Monitoring
9. Geophysical Investigations

10. Nonsoil Materials Investigation

The information collected during the remedial investigation will
be used in a feasibility study to identify, evaluate and select the
most cost effective alternative.

ll

1.2 Site Description and History

The South Cavalcade site is currently bounded by the Houston Belt
Terminal Railroad tracks to the east, Cavalcade Road to the north,
Missouri Pacific railroad tracks to the west, and Collingsworth Road
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to the south (see Figure 1-1). The site currently consists of
approximately 55 acres on a parcel of land I 1/2 miles south west of
the intersection between Loop 610 and U.S. Route 59 (Eastex Freeway).

The majority of the site area was formerly used as a production
facility for wood preserving and wood treatment operations , including
the use of creosote and metal-salt treatment with chromated zinc
chloride (20% zinc, 80% hexavalent chromium) and chroma ted copper
arsenic (CCA) solutions- Data on the composition of creosote,
creosote -coal tar solutions, and CCA is included in Tables 1-1, 1-2,
and 1-3, respectively.

IIIIIIIIll

From 1911 to 1939 the plant was operated by the National Lumber
and Creosoting Company. This operation consisted of a production
facility on the south central corner of the site and "dripping" and
drying areas toward the center and northern areas of the site.
Koppers Company purchased the operation in 1940 and constructed a coal
tar distillation facility in the eastern section of the site, while
maintaining the wood treating operations in the same locations as
those used by National Lumber and Creosoting Company. The feed to the
distillation facility was coal tar from off-site coal carbonization
(coke) plants. A typical composition of coal tat: is given in
Table 1-4. Products from the distillation of coal tar include
creosote and other wood preserving oils (distillates), road tars,
industrial pitches, and pitch coke (residuals).

In 1962 , Koppers closed the operation, removed all plant buildings
and covered the site with soil. Currently, three palletized trucking
firms and a leasing company are located within the site boundary.
Site plans derived from aerial photographs for 1953, 1984, and an
overlay of the 1953 site plan on the 1984 site plan are shown in
Figures 1-2, 1-3 and 1-4.

In the early 1980 's the Harris County Metropolitan Transit
Authority (MTA) became interested in the site for use as a combined
railyard, shop and station for a proposed light rail system. A
routine geotechnical investigation revealed several localised areas to
be contaminated with creosote waste products* A subsequent

Oo
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(a) From (Lorenz 6 Gjovik , 1972) unless otherwise indicated.
(b) Results are for a Class I low residue creosote for pressure treatment

of poles (left of slash) and a Class III medium residue creosote for
treatment of piles, lumber, structural timbers used in coastal waters
(right of slash) (Nestler, 1974, p .50) where classes are per U .S . Fed-
eral Supply Service Creosote Coal Tar Technical Federal Specification
TT-C-6456. Nov. 14. 1967 (ibid. D.46K Results are mean * standard
deviation for 3 analyses for the Class I creosote (except chrvsene with
two) and 4 analyses for the Class III creosote. Analyses made by gas
chromatography with thermal conductivity detection using normal alkanes
as internal standards and polar planimeter or cut-weigh methods for
measuring peak areas.

(c) Values shown are "approx. pct . ~ 0 .7%" (Lorenz f iGjov i k , 1972, p. 34) .Analysis was by gas chromatography with flame ionimion detection
using a reference mixture of compounds "as a quantitative and quali-
tative standard for calibrating the gas chromatograph" (ibid, p . 3 2 ) .The origin of the creosote sample used was not described, but the re*
suits of its analysis by AWPA standard Al are given. ^̂—(d) Results are for "analysis of two different aliquots of the same material"(Lijinsky, et al, 1963, p. 954) , which was described as a creosote whicn
was "obtained commercially" (ibid p. 953 ) , Analysis was by liquid/liq£I\iextraction (cyclohexane/methanol to remove phenolics and then cyclohcxan«
tutromethane) followed by paper chromatography with identification andquantification by fluorescence emission and absorption spectra, respec-tively.

(e) Creosote sample described as "a "1 oil, dry point 240 C, collected as a
distillation fraction from a Wilton still" (Li j insky, et al, 1957 , p. 68". .Analysis was by "a cotnbination of chromatography and ultraviolet spec*
trophotometry" (ibid, p .689) with identification "by means of the absorp-
tion spectra, melting points, and preparation of the 2 , 4 , 7 - trinitroflua-
renone conralexes of (the) compounds" (ibid p. 689 ) . Results original Iv

V - 7reported in gm/4 but are given in Tab1e " j * 13 as wt. pet , based en a re??-*
density of 1030 gm/t (ibid, p. 689 ) .

(f) Data reported are mean ± standard deviat ion for eight different domest ic
creosote oils covering a range of residue, tar acids, and naphthalene
contents (see Stasse's Table 1 for description and inspections of creo-sote oils). Analysis "by the use of fractionation (distillation) data,
melting points of fractions, ultraviolet absorption data; and chemical
analysis" ( Stass.e, 1954, p. 36) .

(g) From (Anderson § Vu. 1963, p. 744-747 ) .
(h) Acenaphthene and dibeniofuran reported as sum of both compounds.
(i) Total shown is mean t standard deviation for the eight totals of Stas s e ' s

analyses and does not agree with total of components listed (46.4* ) due to
rounding errors.
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TABLE 1-2i COMPOSITION'S OF CREOSOTE/COAL TAR SOLUTION'S

, FROM THREE WOOD-TREATING PLANTS (a)i
iiiiiiiiiiiiii

Plant A Plant B60/40 Creosote 60/40 Creosote

Low BoilersNaphthaleneMethylnaphthalenes
BiphenylUnknownAcenaphtheneDibenzofuranFluoren*UnknownPhenanthrene/anthraceneCarbAZoleMethylphenanthrenes
FluoranthenePyreneChryseneUnknowns

Total

UnknownsBenzo ( k ) f luoranthene
Peryleneo-phenylenepyrene1, 12-Benzoperylene

Total

(a) Reproduced from (AWPI

Coal Tar

1 . 1 %
1 0 . 7
3 . 2
0 . 6 2
-

4 . 2
2 . 4
3 . 6-

1 2 . 8
2 . 8
1 . 6
5 . 4
4 . 0
1 . 2
8 . 4

6 2 . 0 %

1 . 1 *
1 . 4
1 . 0
0 . 2
0 . 4

6 6 . 1 %

, IS??; Volume
No details given on sample origins

Soln. Coal Tar Soln.

0 . 6 %
1 2 . 9

4 . 8
1 . 5
0 . 6
4 . 6
2 . 8
3 . 9
1 . 4

1 1 .7
1 . 1
2 . 4
5 . 8
5 . 2
2 . 3
1 . 7

6 3 . 3 %

HI, Posit ion Document "1 ,or analytical methods.

A

Plant C
80/20 CreosoteCoal Tar Sol- .

3 . 7 %
2 0 . 2

3'9 CO1 .2 ° °
1 .3 ^
3,2 " f r
2.0 <«- 1
3.1 0 1
1.0 o 1
9 . 7
0 . 8
2 . 7
5 . 0
4 . 4
2 . 2
2 . 2

6 6 . 6 % 1

Table 4. •

1
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TABLE 1-3

CHEMICAL COMPOSITION OF CHROMATED COPPER ARSENIC (CCA)

Type
Percent by Weight

Type B^2 * Type

Cr0

CaO

AS205

6 5 . 5

18. 1

3 5 . 3

19 .6

47 .5

18 .5

16 .4 45 . 1 38.0

(1) Type A ia normally supplied to the treating plant as a solution
with 60% concentration on an oxide basis, with a pH between 1.6
and 3 . 2 .

(2) Type B is supplied to the treating plant in pasts form and diluted
to the concentration required.

(3) Type C is supplied to the treating plant as 50% solution
concentrate. This formulation was first introduced in 1968,
therefore this does not apply to CCA used at the South Cavalcade
site*

ON
Is-

O
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REPORTED ANALYSES FOR SPECIFIC COMPONENTS IN COAL TAR
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Figure 1-3: 1984 SITE PLAN
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contaminant survey performed for the Houston MTA by Camp Dresser and
McKee, Inc. <CEM) in 1983 indicated the presence of soil and shallow
groundwater contaminants including polynuclear aromatic hydrocarbons
(PAH) and heavy metals. In 1983, the site was handed over to the US
EPA and placed on the National Priority List (NPL) with a hazard
ranking of 38 .7 ,

The CDM investigation included 4 sediment samples, 2 surface water
samples, 4 surface soil samples, 10 soil borings, 13 subsurface soil
samples, the installation of 9 shallow and 1 deep observation well,
and 3 production well samples. The soil sampling analysis disclosed a
high degree of contamination with both organic (PAH) and inorganic
(heavy metals) compounds in the vicinity of suspect areas,
particularly near the soil surface. The level of contamination
decreases rapidly with depth. The groundwater sampling conducted by
CDM indicated that the shallow water table conditions at the site and
the shallow sand strata are locally contaminated with both PAH and
toxic metal compounds, consistent with the surface soil contamination
found near the previous disposal areas* Surface water and deep
groundwater sampling indicated no significant threat to the public
health or the environment. A summary of previous investigations of
this site is included in Appendix I (interim Site Characterization
Report) .

CO

oo
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2.0 RESIGNS IB ILITY

A designated Koppers Company Inc. on-site person will be the
Health and Safety Officer (HSO). This person will be certified in
first aid by the American Red Cross and will be responsible for all
health and safety activities, including subcontractor activities, air
monitoring, overseeing the decontamination of equipment and materials
leaving the contaminated area, providing and enforcing the use of
personnel protective equipment, and training of personnel as described
in section 3.0.

This person will have had extensive experience in field operations
with air monitoring equipment, personnel protective equipment,
decontamination procedures, and emergency response procedures. In
addition, this person will have had the following training:

o
o
o
o
o
o

First Aid (Red Cross Training) - 8 hours
Cardiopulmonary Resuscitation (Red Cross Training)
Respiratory Protection - 8 hours
Protective Clothing - 4 hours
Use of Safety Equipment - 4 hours
Decontamination Procedures - 4 hours

~ 8 hours

HSO WiH also work afefcy pergon

he subcontractor ln the design and implementation of the contractor's
Program. The HSO will be onsite with n« ,- .- . cont«ctor s
,. e WIth the investigative team at alltimes.

in
CO

oo
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3.0 TRAINING

The Health and Safety Officer will conduct a training program
des igned
the site
minimize
safety.

o
o

o

o
o

o
o

o

o

o

The site

to ensure that field personnel are aware of the hazards at
and that they perform their work in a manner that will
to the greatest extent possible, risk to personal health and
The health and safety training will include the following:

A general overview of the project and site,
An explanation of exposure routes and potential effects of
contaminants identified at the site, with the focus on
creoste and coal tar waste materials, CORequirements for personnel protection, respirator training, <_-.
skin protection, etc. s— i
The "Buddy System", O
Decontamination and/or disposal procedures for clothing and
equipment,
Personal hygiene requirements,
Action to be taken in the event of an unacceptable level of
airborne contaminants,
Appropriate response to site emergencies, including personal
injuries and accidents
Prohibited actions or procedures (e.g., eating, smoking,
contact lenses), and
Responsibility of field team supervisor relative to health
and safety.

specific training program will involve at least 2 hours of
instruction per employee. In addition, job specific instructions will
be reviewed before beginning each new phase of work.

Records of site personnel having completed this training will be
maintained by the Health and Safety Officer and will be retained by
Koppcrs in central project files. 1

On a
HSO will

.weekly basis, and before each major change in operations, the 1
conduct follow-up training as related to actual site I

operations. The topics of this training will be selected according to |
the needs and requirements of actual job situations* 1
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4.0 MEDICAL SURVEILLANCE PROGRAM

4.1 Purpose

The purpose of the worker medical surveillance program is to
insure to the extent possible that all persons participating in field
activities at the South Cavalcade site are in good health and fit to
perform field activities, and to verify that such work has not
resulted in employee ill health.

4»2 Procedures
r-
00All personnel, including subcontractors, subject to occupational «^f

exposure at the site will be required to have had a medical v
examination within the past year prior to beginning field operations ^

Oat the South Cavalcade site. Protocols will be approved by the Health
and Safety Officer- The medical examination will consist of the
following:

o Review and documentation of medical history
o General physical
o Pulmonary Function Test (FVC and FEV)
o SMA 24 blood chemistry
o Complete Blood Count (CBC)
o Chest X-Ray (if medically indicated)
o Heavy Metals Screen (urine analysis), only if medically

indicated

Medical surveillance will include a judgement by the examining
physician of the ability of the employee to use negative and positive
pressure respirators. Prospective site staff determined to have
medical conditions which could directly or indirectly be aggravated by
exposure to those chemical substances within the site environment or
the use of respiratory equipment will not be employed on this project.
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The HSO in consultation with Kopper's Corporate Medical Director
or his designee will decide whether an employee is to undergo
re-examination should an employee develop an illness or injury during
the site activities. The physician must certify that the employee is
fit to return to work before participating in site activities. In
addition, the Health and Safety Officer can request additional medical
testing if abnormal site exposure occurs* An exit examination of
employees exposed to hazardous site conditions throughout the length
of the project will be scheduled upon completion of the project.

00
CO<3-
o
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5.0 BEODNT&1INATIDN

5.1 Purpose

Decontamination procedures will be implemented for equipment and
personnel to ensure that suspected contaminants are adequately
controlled and to avoid the transfer of contaminants to vehicles,
administrative areas, and other personnel.

5.2 Equipment Procedure

Whenever possible, equipment will be decontaminated before it
leaves the site. Wash water will be collected and stored in drums, in
a secure location, and disposed of in accordance with applicable
regulations. Verification that equipment leaving the site has been
adequately decontaminated is the responsibility of the Health and
Safety Officer. Equipment that cannot be adequately decontaminated at
the site will be double bagged and transported to another area for
eventual decontamination or disposal in accordance with all applicable
regulations. The standard operating procedure (SOP) for
decontamination of field equipment is included as Appendix I.

5.3 Personnel and Protective Equipment Decontamination

On site pesonnel will be required to thoroughly wash hands and
face and remove contaminated clothing prior to smoking* handling food
or drinks* or leaving the site. On a daily basis personnel shall
scrub boots, hard hats» and gloves in a 5% solution of trisodium
phosphate (TSP) , rinse with clean water and allow to dry overnight.
The inside surface of each must also be inspected for contamination*
My contamination must be removed, the item cleaned or washed as
above, or discarded. Respirators will be cleaned daily with a
commercially available cleaner-sanitizer, if worn* Any personnel
protective equipment to be thrown away will be placed in drums and
disposed of in accordance with all applicable regulations. The
following procedures will be followed for personnel decontamination:

CO

oo
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o
o

Gross Decon Area (total area covered with plastic drop cloth):

o segregated equipment drop for tools and/or any other
equipment that will be reused on/in the area. This will be a
plastic drop cloth.

o 20 gal. wash tub containing wash solution of sodium carbonate
and/or trisodium phosphate and 2 long handle scrub brushes.
20 gal. wash tub containing clean water for rinsing,
plastic lined drum for disposal of tyveka, any contaminated
garments, and nan reusable or damaged protective clothing.

Personnel will now enter dec on-are a and complete do con procedures:

o Storage Areas for storing boots, hard hat, and
n on -contaminated clothing.

o Shower Faci l it ies - if deemed necessary by the HSO according
to daily act iv i t i es .

o Redress Area - put on clean clothes and exit decon area into
clean zone .

Curing periods of exiting from the contaminated zone for breaks,
res iroom or lunch, personnel will follow these amendments:

o It there is heavy contamination, the employee will proceed
through total decontamination before exit ing,

o If there is not heavy contamination, the Contractor employees
will go through decontamination down to removal of work
clothes. The employee will then wash his face, neck, hands
and arms before moving to the break area.

During periods of minor emergencies that exiting of the
contaminated zone would be necessary, personnel will follow these
amendnen ts:

O

Oo

18
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6.0 PROCEDURES

6.1 General

The following general policies/procedures will be in effect at the
South Cavalcade site;

o The Health and Safety Officer will be notified before anyone
enters the site area,

o The buddy system will be in effect at all times,

o Personnel must wash hands and face before smoking, drinking,
eatingj using toilet facilities, or leaving the site,

o All personnel equipment will be decontaminated or properly
disposed of before leaving the site,

o Changing of clothes and personnel protective equipment will
take place only in a designated change area,

o Contact lenses will not be worn on site,

o Sanitary facilities will be provided,

o Personnel violating safety procedures will be removed from
the job,

o All activities will comply with applicable federal and state
laws» and

o Work zones will be honored.

CM

O
O

20
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6.2 Hazard Analysis

A preliminary hazard analysis has been conducted to ensure that
site activities, personnel protection, and emergency response are
consistent with the specific contaminants expected to be encountered*
The hazard analysis forms the foundation for the Health and Safety
Plan.

The contaminants of concern at the site include methylene
chloride, ethylbenzene, arsenic* , chromium* , and coal tar
products^ which contain various volatile to practically
non-volatile polynuclear aromatic hydrocarbons (PAH) including
acenaphthene, acenaphthylene, anthrancene, benzo(a)anthracene ,
benzo(a)pyrene , 3 ,4 , benzo fluoranthene , chrysene ,
fluoranthene, fluorene» naphthalene, phenanthrene, and pyrene. The
available and applicable OS HA permissible exposure limits (PEL) from
29 CFR 1910 . 1000, threshold limit values - time weighted average
(TLV-TWA) and threshold limit values - short terrc exposure limit
(TLV-STEL) from the American Conference of Governmental Industrial
Hygenists (AOG1H) are listed below.

O

O
O

TLV-TWA
o Methvlene Chloride 100 ppm (350 mg/ra3)
o Ethyl Benzene 100 ppm (435 mg/m3)
o Arsenic
o Chromium (VI)

0. 2
0.05 rag/m3

o Zinc Chloride fume 1 mg/m3

o Naphthalene 10 ppm (50 mg/m3)
o Coal Tar Pitch

Volatiles
0.2 rag/m3

TLV-STEL
500 ppm ( 1740 mg/m3)
125 ppm (545 mg/m3)
N/A
N/A
2 rag/m3

15 ppm (75 mg/m3)
N/A

PEL
500 ppm(1740 tng/m3)
100 ppm(435 rag/m3)
0.010 mg/m3

0.1 mg/m3

1 mg/m3

10 ppm
0. 2 mg/m3

(1) Suspected Carcinogen
(2) These substances are recognized as human carcingens. There is

sufficient evidence for the carcinogenicity of chromium and
certain chromium compounds both in humans and experimental animals
(IARC, and NTP 82-330). Certain water insoluble compounds (ACGIH
TLVs 1984-85). Specific compounds not identified.

(3) Refer to 29 CFR 1910. 1018 "Inorganic Arsenic."
(4) Not specifically titled "Coal Tar Pitch Volatiles" in IARC or by

NTP 82-330. However, creosote and coal tar fumes are mentioned by
IARC and quoted by NTP 82-330 under the subject title "Soots, Tars
and Mineral Oils." ACGIH assigns Coal Tar Pitch Volatiles to
their category "Ala - Human Carcinogens."
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Exposure limits for most of the specific PAH compounds listed above
have not been set by OSHA or ACGIH.

TLV-TWA represent the time weighted average concentration for a
8-hour workday and 40 hour work week to which nearly all workers may
be exposed day after day, without adverse effect. The TLV-STEL
represent the 15-tninute time weighted average exposure (used to
supplement the TLV-TWA) which should not be exceeded at any time
during a workday, even if the eight-hour time weighted average is
within the TLV. The OSHA PEL are those 8-hour time weighted average
exposure limits which have been adopted by OSHA under 29 CFR 1910. 1000.

The primary exposure pathways of concern for these compounds are
inhalation and skin absorbtion. Methylene chloride, naphthalene, and
ethyl benzene are somewhat volatile and exposure to these substances
may possibly occur in the vapor state as well as with contaminated
particulate. The rest of these compounds are relatively non-volatile
and the major concern with airborne exposure is with dust contaminated
with these compounds.

Since no piles of waste material currently exist on the surface of
the South Cavalcade site, and since past surveys indicate a lack of
airborne contamination, airborne exposure to contaminants prior to
site drilling operations should be minimal. Potential exposure to
workers may occur during site drilling and monitoring well
installation.

6.3 Air Monitoring

Air quality monitoring is an integral part of the Health and
Safety Program; the Collected data serve as input to decisions
regarding worker protective measures, routine work procedures and
emergency events. The air quality monitoring program requirements can
be defined as follows (Table 6-1) :

o
o

Real-time measurement of total organic vapor concentrations.
Initial ambient air monitoring program.

oo

001494



TABLE 6-1

AIR QUALITY MONITORING PROGRAM SUMMARY

WE OF
MONITORING FREQUENCY LOCATION ANT) NUMBER EQUIPMENT USED PURPOSE

Work Area During all
sampling operations

Active work areas
("e.g., each sampling
loca t i on)

Fo xb oro Flame i on iza t i on
Organic Analyzer or
PID instrument

Real-time, serai-quantitative
data on total organic vapors for
operational and health and safety
decision making

Boring and 15 minute intervals At (O ground surface Foxboro Flameionization Documentation of organic vapor
well during all and (2) breathing Organic Analyzer or levels and determination of need
installation operations level PID instrument to change protection action levels

0 0 1 4 9 5
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Portable instruments are used to provide real-time,
seraiquantitative data on total organic vapor concentrations in and
around the breathing zone of workers and downwind of site activities,

During all drilling, testing, and sampling activities on site,
portable photoionization detectors (PID) or equivalent will be used
for monitoring organic vapor concentrations in the breathing zone.
These detectors will be calibrated daily and organic vapor
concentration will be monitored during each site activity. Action
levels for employee protection and emergency actions will be employed
based On observations related to airborne concentrations of
contaminants measured during site air quality monitoring of the work
area and of dowiwind concentrations.

The operation and field manual for the hNU Systems PI 101
Photoionization Detector and the Century Systems (Foxboro) OVA-128
Organic Vapor Analyzer is included as Appendix IV. This manual
describes the operating, maintenance, calibration, and trouble-
shooting procedures for the use of these instruments, as well as the
theory of operation, response characteristics, and sensitivity.

The Health and Safety Officer or his designated assistant will
document the air quality measurements daily, including corresponding
meterological data and site work activities.

6.4 Personnel Protective Equipment

Personnel protective equipment specific to each of the major task
areas are outlined in Tables 6-2 through 6-4. Tae format permits
assembly of a complete, task-specific health and safety plan for each
activity.

Within the working area, organic vapor measurements at breathing
level will be used to effect rapid response to airborne contaminant
levels. Action limits have been established for organic vapor
readings. A response scheme has been devised, defining general
actions to be taken at observed sustained concentrations of organic
vapors above background levels during ares monitoring. "Sustained"

\O

oo
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indicates elevated concentration in the breathing zone for longer than 15
minutes. The basic responses to air concentrations observed during area
monitoring are as follows:

o Level I - Less than 10 ppm above background: Respirators are not
required.

o Level II - 0V concentration of 10 to 50 ppm above background:
Require MSHA/NIOSH approved half-face respirators with organic
vapors/acid gas cartridges. Also to be worn when an obvious "dust
cloud" has been generated and workers are required to continue
working within the "dust cloud".

° Level III - 0V concentration exceeds 50 ppm above background:
Personnel will be relocated and operations will be temporarily
suspended until concentration decreases. If 0V concentration
remains greater than 50 ppm above background, other action will be
considered including the use of full-face respirators and
increased skin protection ( e . g . , Level C protection - see Appendix
V).

The 10 ppra response level for the use of half-face respirator is
based on the TLV-TWA for naphthalene, which has the lowest exposure
limits (in the vapor state) of the contaminants of concern. By making
the assumption that all observed organic vapor concentrations are
attributable to naphthalene, a margin o£ safety is hereby included to
account for the contribution of other unknown contaminants (with high
exposure limits).

Organic vapor concentration measurements at the South Cavalcade site
may be affected by natural background levels from the trucking operations
( i .e . , diesel exhaust). It may therefore become necessary to adjust the
above action levels after more information about background
concentrations is obtained.

Employees will be informed of need for a change in the level of
protection required via word of mouth* Upgrading the level of protection
will be performed in the decontamination area.

25
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TABLE 6-2

PERSONNEL PROTECTIVE EQUIPMENT
FOR MONITORING WELL INSTALLATION

REQUIRED

Work coveralls
Safety glasses or goggles
PVC undergloves
Steel toe and shank footwear
Hard hat

CONTINGENCY

00

oo

Sun screen
At least one half-face respirator (MSHA/NIOSH approved) for
each person at the drilling site, with organic vapor/acid gas
(OV/AG) cartridges and dust filters.
Portable eye wash station
First aid kit
Fire extinguisher and blanket
Disposable overboots
Ear protection
Neoprene Gloves
Tyvek disposable coveralls

.26-
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TABLE 6-3

, PERSONNEL PROTECTIVE EQUIPMENT FOR
SOIL SAMPLING, GROUNDWATER SAMPLING, PERMEABILITY TESTING,

GEOPHYSICAL SURVEY, AND NONSOIL MATERIALS INVESTIGATION

Required

Work coveralls
Safety goggles
PVC undergloves
Steel toe and shank footwear

oo

Contingency

Sun screen
At least one half-face respirator (MSHA/NIOSH approved) for
each person at the site with organic vapor/acid gas (OV/AG)
cartridges and dust fi lters
Portable eyewash station
First aid kit
Disposable overboots
Fire extinguisher and blanket
Neoprene gloves
Tyvek disposable coveralls

27
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TABLE 6-4

PERSONNEL PROTECTIVE EQUIPMENT FOR SURFACE WATER
AND SEDIMENT SAMPLING

REQUIRED

Work coveralls
Safety glasses or goggles
Rubber boots
PVC undergloves

CONTINGENCY

O
O
IA
r—
O
O

Sun screen
At least one half-face respirator (MSHA/NIOSH approved) for
each person at the site with organic vapor/acid gas (OV/AG)
cartridges and dust fi lters
Portable eye wash station
Neoprene gloves (mid-arm)
Tyvek coveralls
First aid kit

28

001500



If a particular job function appeara to result consistently in
high employee exposure (i.e., more than the TLV), rotation of workers,
additional employee training for improved work habits, and/or other
administrative action will be taken to reduce chronic exposure levels.

6.5 Health and Safety Plan-General Population

For the purposes of this investigation, the "general population"
will be defined as those individuals not associated with the field
activities of the remedial investigation but could be in closa
proximity to these activities. For the South Cavalcade site, this
would include trucking firm personnel and people in the surrounding
community.

The Health and Safety Plan for these groups consists of: (1)
limiting the potential interaction with these groups, and (2)
instituting a system of "Perimeter Action Levels", based on air
monitoring of the specific field activity, whereby organic vapor
concentrations at the perimeter of the field activity are closely
monitored to dictate health and safety actions.

6 .5 . 1 Limiting Interaction

Careful pre-planning of field activities will prevent significant
interaction with the general population at the South Cavalcade site.
Regarding trucking firm personnel, field activities can be scheduled
during off-shift hours or weekends to limit the number of personnel
onsite. In cases where it will, be unavoidable to limit- interaction
with trucking personnel through scheduling, the Field Coordinator will
meet with trucking firm management prior to field activities* The
nature of the activity, the time required Co complete the activity and
the health and safety issues will be discussed. Without limiting the
firms ability to continue operations, it may be possible to exclude
personnel from areas where field activities are being conducted. This
will require management cooperation and will need to be addressed on a
case-by-case basis.

Oin
oo
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Offsite field activities will include soil boring, monitoring well
installation, and subsequent sampling activities. Pre-planning and
judicious choosing of offsite field activity locations will be
employed to mininize interaction with the general population in the
surrounding community. The selection of "public" areas such as along
streets, sidewalks, and rail lines versus residential property will be
evaluated so as to minimize public interaction*

Any contaminated equipment from off-site field activities will be
double-bagged in the immediate vicinity of the work area. Badly
contaminated clothing such as boots, gloves, and coveralls may also be
removed and double-bagged in the iaroediate work area. A truck or van
will transport field personnel and equipment directly from the offgite
work area to the field headquarters area for decontamination.

Private, offsite industrial property locations such as east and
south of the site will be addressed in the same fashion as with the
onsite trucking firms. The owners/management will be consulted, field
activities discussed and a mutually agreeable location and time period
to conduct the activity will be chosen. Management cooperation in
restricting personnel access to these areas will be sought.

Automobile traffic and pedestrian patterns and volumes will be
evaluated prior to commencing field activities in public areas. Field
activities will be scheduled for time periods exhibiting reduced
traffic and pedestrian volume. Optimal time periods may be between
morning and afternoon "rush hours" or may be during weekends.

In addition to pre-planning and scheduling as a means to limit
general population interaction, each offsite field activity location
will be "roped off" by means of orange ribbon surrounding the
perimeter of the field activity. Where possible, a 10 ft. minimum
radius will be maintained for the field activity area. This will
provide a physical barrier to prevent individuals from coming in close
proximity of the activity area. The establishment of this perimeter
will also delineate the extent of field activity air monitoring and
subsequent action levels to protect the general population health and
safety.

30
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Vistors to the site will be required to report to the field
headquarters and sign a log sheet prior to entering the site.
Depending on the purpose of the visit and the areas of the site to be
visited, the field Health and Safety Officer will determine what
personnel protective equipment is required to be worn by the visitor.

6 . 5 . 2 Perimeter Action Levels

When field personnel observe a sustained 0V reading in excess of
5 ppm above background level as measured in the worker breathing zone,
another measurement will be taken downwind at the perimeter. The
following responses will be initiated dependent upon the perimeter,
sustained 0V reading:

o 5-10 ppm above background - Notify Field Coordinator and keep
apprised of status; continue site work.

Oin
v-oo

10-25 ppm above background - Alert field personnel in the
vicinity; require MSHA/NIOSH approved half-face respirators
with organic vapor/ acid gas cartridge and approved cartridge
filter on all field personnel down wind of the work area.
Monitor with OVA or HNu at the perimeter on a continuous
has is .

I 25 ppm or greater above background - Suspend all field
activities, notify Field Coordinator. If concentrations
greater than 25 ppm above background persist after operations
are suspended, the Field Coordinator will notify the project
manager and the EPA and the source of the organic vapors will
be investigated. Appropriate actions will be determined on a
case by case basis through discussion between Koppers and the
EPA.

These perimeter action levels may be adjusted after more
information is obtained on the background concentration of diesel
exhaust from nearby trucking operations.

31
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In all probability, the work area action levels described in
Section 6.4 will trigger responses to elevated organic vapor
concentrations before the perimeter action levels described above.

It should be noted that thorough preplanning and scheduling may
result in no general population in proximity to the field activity,
but the action levels described above are sufficiently conservative to
be applied to all offsite, field activities.

'IIIIII
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7.0 EMERGENCY PROCEDURES

7.1 The following emergency equipment shall be available on-site;

o First-Aid Kit (Interex Catalog #62-l22X or equivalent)
o Fire Extinguisher
o Fire Blanket
o Stretcher
o Eye-Wash Station
o Deluge Shower

IIIIIIIIII

7.2 General-Injury

ii

Step 1 - First Aid, as appropriate
Step 2 - Arrange for off-site assistance and/or medical help,
if appropriate (see Table 7-1) .
Step 3 - Notify Health and Safety Officer and Project Manager

7,3 Specific Treatments

o Eye Exposure
Immediately flush exposed eye with copious amounts of
water, using emergency eye-wash station,

o Skin Exposure
Wash immediately with soap and water,

o Inhalation
Move person to clean air. Perform artificial respiration
if necessary

o Swallowing
Contact poison control center, follow their instructions.

Fire

Localizedt controlled
use chemical fire extinguisher and fire blanket to
extinguish. Throw soil on fire as added dampening

Uncontrolled
Evacuate Area
Contact fire department immediately

33
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7 .5 Responsibility

The following, personnel are responsible for on-site coordination,
of emergency procedures:

Field Coordinator -
Health and Safety Officer -

(to be assigned prior
to site investigation)

These people will be responsible for initiating emergency response
procedures and allocating resources to conduct spill containment or
other emergency operations.

7.6 Communication

Due to the size of the site, communication between the field
headquarters and field workers may be done via 2-way radio
cooBuinications. In addition, verbal communication at the site ran be
impacted by on-gite background noise and the use of personal
protective equipment. For effective communication, commands will be
prearranged and additional audio or visual cues will help to convey
messages.

vO
Oin
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At the site, personnel will use the following internal
communication code:

2-Way Radio

Type of Communications .Signal

To each other Assigned radio number
To field HQ/non emergency Assigned radio numbers
To field HQ/emergency Code red/assigned number

Compressed Air To field/non emergency One long, one short blast
To field/emergency 3 long, 3 short blasts

Siren To field/emergency
Evacuation ordered

Continuous blast

34
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Device

Visual

Type of_Cgngnunication«

To each other

.Signal

Arms waved in circle
Distress/need assistance over head

Break, lunch, end of day Two hands together break
apart

Contaminated air/strong Hands clutching throat
odor

To field/evacuate area Anns waved in circle
over head

7-7 Entrance/Exit and Phone locations

Site entrance and exit points will be via trucking firm plant
entrances and exits located on Collingsuorth and Cavalcade Streets . A
phone will be located in the site field office.

Oin
T-o
O
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TABLE 7-1
EMERGENCY INFORMATION

In the event of a fire, uncontrollable chemical spill, explosion,
or any occurrence that might be harmful to personnel or adjacent
property, immediate notification of the proper emergency service will
be required. The proper emergency service is determined by the nature
of the emergency.

EMERGENCY NOTIFICATION

City of Houston Fire Department
City of Houston Police Department
Harris County Health Department
Texas Department of Water Resources
EPA Regional Office (Mr. John Cochran)
State Police
Citizens General Hospital
7407 North Freeway-Houston
Ambulance Service
Poison Control Center

U-ION

(7 13 ) 227-2323
(713 ) 222-3131
(7 13 ) 342-8685
(713 ) 479-5981
(214) 767-9763
(7 13 ) 463-8261
(7 13 ) 691-3531

COo
lA
v-oo

(7 13 ) 222-3434
(7 13 ) 654-1701

PROCEDURE FOR REPORTING INCIDENTS

Immediately Cal l : (Kopper's Contact) Shannon Craig (412) 227-2881
James Campbell (412) 227-2689

Subsequently Contact:

John Cochran (USEPA): (214) 767-9763

36
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APPENDIX i

INTERIM SITE CHARACTERIZATION REPORT
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COMPANY CONFIDENTIAL
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i .n INTRODUCTION

This Inter im Site Character izat ion Repor* has been provided in accordance
wi th Task 1, Subtask l . l of the January l * . 1985, Work Plan Memorandum
prepared by COM for the South Cavalcade Street Site. The purpose of this
subtask is to provide a descr ipt ion of the current situation of the South
Cava lcade Street Site in relat ion to the s i te ' s Hazardous Rank ing System
Score of 3S.7 on the National Priority List (NPL) . Data pertinent to the
s ite and its contaminat ion problem were gathered, organized, and reviewed.

in
oo

Major i s sues addressed in th is report are as fol lows:

Site Background

Prov ides a summary of the regional locat ion, pertinent area bounHary fea-
tures, ex i s t i ng ownersh ip and use ( subd iv i s i on of the property), and the
general phys iography, hydrology, and geology of the s ite, from secondary
sources.

Nature and Extent of Problem

Summarizes the actual and potential ons ite and off-site health and environ-
mental effects that can be antic ipated from pre-remedial invest igat ion
sources. Thi s may inc lude, but is not l imited to, the types, physical
character izat ion and amounts of any hazardous substances; and the potential
pathways of exposure, contaminant re lease, and human exposure.

History and Response Act ions

Describes any previous responss or remedial actions conducted" by either
local , state, federal, or private parties, including site inspection, tech-
nical reports and their results.

1-1
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.0 BACKGROUND

2 . 1 S ITE LOCATION . AND .H I STORY

The South Cava l cade Street Site is located wi th in the incorporated bound-
ar ies of the City of Houston, Te *as , the s tate ' s largest city and the fifth
largest in the nat ion .

The site covers about 69 acres in northeast Houston , about one mi le south-
west of the intersect ion of Interstate Loop filO North and U .S . Route 59 ,_.
(F igure ?- l ) . The s i te is bounded on the north by Cavalcade Street, to th$-
south by Col l i ng swor th Street, on the west by the Houston Belt arrt Terminal
(H8&T) Ra i l r o a d Passenger Main and Maury street, and on the east border by
the HB&T Freight Main (now the Missour i and Pac i f i c R .R . ) Oo
The Nat iona l Lumber and Creosot ing Company (NLCC) operated a wood treatment
faci l i ty on the site from 1Q 1 1 to 1939 , An early aer ia l photo of the s ite
( 1 9 3 3 ) ind icates the actual wood process ing/treatment fac i l i t ies used by
the NLCC were concentrated in the southern end of the site along Co l l i n g s -
worth Street , with wood storage yards occupying the remain ing southern and
central parts of the site and vacant ( id le) lands in the northern third. A
neighbor ing commercial development o'f about three acres, immediately across
the Houston Belt and Terminal (HB&T) Rai l road main to the west Of the s ite,
and a lso front ing on Col l ingsworth Street, shows on the 1933 photo as wel l .
This property is ident if ied at a later (and expanded acreage) stage as a
Mobi l Oil Company products d istr ibut ion center (who le sa l e ) .

In 1940, the (Coppers Company, Inc. (KCI ) acquired the property from NLCC
and operated a wood treating faci l ity and coal tar d ist i l lat ion facil ity on
the site from 194Q to 1961. Aerial photos of the site during the period of
KCI operations ( 1944 and 1 Q 5 3 ) indicate only minor changes in site develop-
ment or use from the 1933 photo. The 1953 aerial photograph shows an ex-
pansion of the Mobi l Oil Company operations across the tracks west of the
s ite to about 10 acres, including the addition of a tank battery and rail
s id ing at the north end of the Mobil site approximately 1 ,000 feet north of

001514
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Col l ingsworth Street. Al so , by 1953 some commercial development had begun
just to the north of the South Cavalcade S i t e * Although not confirmed
through deed records, interviews with early Koppers Company personnel , pre-
vious owners and local residents indicate the probabil ity of a smal ler
sca le wood treatment operation just north of the present day Cava l cade
Street in the ear ly 1950 ' s .

The KC1 property south of the present day Cavalcade Street was transferred
by recorded deed to Merchants Past Motor Lines (Meridian Transport Company)
in 1962. The property was subsequently subdivided into three ownership
tracts , as shown previously On Figure 2-2. A northern port ion of about ^
2 2 . 5 acres was transferred to the Baptist Foundation of Texas. This tracts-
has been leased and developed by the Transcon Trucking Lines , with a sub- ^
lease to AJF Leas i ng , inc. "*"Oo
A central tract of about 18 .2 acres remains in the ownership of the Meri-
o i an Transport Company and is presently undeveloped and idle. The southern
tract of about 28 .3 acres was subdiv ided into two tracts after its acqui-
s i t ion by Mer id ian Transport Company in 1962. The southeastern 13 .4 acres
is owned by Rex Reed and presently used by Pa l l e t i z e d Trucking, Inc. The
southwestern tract of 14 .9 acres remains in the ownership of Mer id ian
Transport Company and is developed for use of the Merchants Fast Motor
L ines .

The Houston Metropol itan Transit Authority (MTA) , as part of its proposed
METRO stage One Regional Rai l System (RRS) study, invest igated the feasi-
bi l ity of including the property designated in this report as the South
Cavalcade Street Site as a yard, shop and terminal faci l ity for the RRS*
Under contract to the Houston Transit Consultants (HTC) , prime contractor
to the MTA, the firm McClel land Engineers, Inc* (MEI ) was selected to per-
form a geotechnical investigation of the site. During the course of that
invest igation, observations were made of probable contamination of the site
with toxic waste materials from previous commercial or industrial users.

I 2-3
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At that time (early 1983) the state agency responsible for hazardous waste
control, the Texas Department of Water Resources (TDWR) , was notif ied of
the probable contamination of the site. The TT3WR then init iated the
state ' s process of invest igat ion to determine the nature and extent of the
problem, the present and prior ownership and use Of the s ite, and the pos-
s ibi l i ty of voluntary compliance with remedial clean-up operations at the
s ite.

At the same time, the Houston MTA, acting through HTC and its geotechnical
consultant MEI , contracted with the environmental engineering and consult*
ing firm Camp Dresser % McKee Inc. (COM) to perform a comprehensive contarn^
inant survey of the site. A COM report entitled "Cavalcade Contaminant v-
Survey" in three volumes, dated July 11, 1983, provided the first detailed-0

*—-assessment of the extent and nature of hazardous contamination at the
Cavalcade Site .

oo
In Apr i l , 1984, the TDWR recommended the site to the U .S . Environmental
Protect ion Agency (EPA) for inclus ion on the National Prior ity List (NPL )
of hazardous waste s ites . On October 2, 1984, the South Cavalcade Site was
placed on the NPL, with EPA tak ing the lead responsib i l i ty for subsequent
R I/FS efforts. The site has been ass igned a Hazardous Ranking System score
of 38 .7 on the NPL.

In response to init iatives by the TflWR to secure remedial measures by pre-
vious owners of the site, the Koppers Company of Pittsburgh, Pennsylvania
contracted with the Houston geotechnical consultants McClel land Engineers ,
Inc. (MEI) to perform further site invest igat ions* An MEI report to
Koppers, dated May 5, 1^84, presents the results of that site study. Sub-
sequently, Koppers contracted with the firm Environmental Research and
Technology, Inc. (ERT) of Pittsburgh, Pennsylvania to propose a work plan
for a RI/FS study on Koppers former Cavalcade Plant Site. A draft "Pro-
posed Work P lan , Remedial Investigation/Feasibi l ity Study, Koppers Company,
Inc. Former Cavalcade Plant Site, Houston, Texas" dated December 13, 1984,
presents a proposed RI/FS program for the Koppers Company.
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In December, 1984, EPA authorized a work assignment for an RI/FS on the
South Cava l cade- Street Site to COM under project REM H - £PA Contract No.
68-01 -6939/143/WP1 , Document Control No. lO-W»i-WA-ANNM-l. A Work Plan
Memorandum by COM for R I/FS on the South Cava l cade Street Site , dated
Decemner 31, 1Q84, has been submitted to the E pA.

2.2 CONTAMINATION PROBLEM

The South Cavalcade Street Site has a 70-*- year history of industr ia l/
*commercial -j.'c with potential for long term contaminant pol lut ion of the

s ite. A report "Cavalcade Contaminant Survey", in three volumes by Camp
Dresser * McKee, Inc. dated July 11, 1983, first documents the general
nature and extent of s ite pol lut ion. Section 3.0 presents review of data,in this report. loo
2.3 DESCR IPT ION OF NATURAL FEATURES OF . .THE S ITE

Present Land Use

The present land use of the South Cava l c ade Street Si te is predominately
commerc ia l , made up of several trucking firms. A southern tract of about
28 .3 acres , facing onto Col l ingsworfh Street to the south, 1s presently
occupied by the Merchants Fast Motor Lines ( 14 .9 acres in the ownership of
Merid ian Transport Company) on the southwest side of the tract, and 13.4-
acres to the southeast owned by Rex King and occupied by Pal l e t i zedTrucking, Inc.

A central tract of some 1 * .? acres is a l so owned by the Meridian Transport
Company and is presently idle (undeveloped) land* The ??,5 acre northern
tract is owned by the Baptist Foundation of Texas and presently occupied hy
the Transcon Trucking Lines and AJF Leasing, Inc. The northern tract ac-
cesses to the north onto Cavalcade Street. Figure 2-2 displays the presentproperty ownership of the site.

2-5
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Physiography

II

So i l s
O

Local so i l cond i t ions have Drpv innd * K ^Cavalry **+ t Piously been invest igated at the South in^!B"~-~^~-:r^SSS «===.:
a.op,r f n f r h ic-cness , the fo l l ow ing general ized soil strataappear to the present throughout the s i t e :

Strata
I
II
I I I
IV

Depth .
0-2
2- 10

10-20
20-80

O

Inscription
F i l l : si lty f ine sand
Soft to very s t i f f sandy clayand clayey sand
Medium dense to very dense finesand
Very st iff to hard clay and
s i l ty clay, with sand ands i l t layers

Figure 2*3 also ind icates the presence, at the time of the reconna issance
soi l borings in early 19S3, of sha l low water table condit ions at depths of
one to five feet beneath the surface throughout the site. The sha l low sand
strata (strata III in Figure 2-3) appear to be consistently present
throughout the site and have a regional extent and s ignif icance off-s ite as
we l l , as indicated by Figure 2-4. Typical shal low sand layers common to
the Texas Gulf Coast area usually contain various amounts of si lt. The
relative permeabil ity for sand strata wi l l depend largely on the si lt con-
tent, which varies significantly from place to place* Permeab i l i t i e s wil l
need to be determined on a site-by-site bas i s .
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Geology

The geo log ic strata under ly ing the South Cava l cade Si te cons ist pr inc ipa l ly
of interbedded sands , s i l t s , and clays of the Beaumont Format ion , deposited
in f luv ia l ( r i ver ) and de l ta ic environments of the Ple i s tocene Epoch. Clay
and s i l t materials predominate in the upper 200 to 300 feet of the Beaumont
Format ion, with th in discont inuous layers of sand occurr ing randomly.
Thicker , more cont iguous sand deposits that occur in deeper parts of the
Beaumont, a l so show extens ive sand deposits in the upper s trata of the ,-formation.

Hyd ro1oq y
C\j
in

EEiEiH=?='~--^r^-ir^
Jp rpr;;; ;;::r:;r ;£=^r^;:::;::::: ;:;::;;i;r;;;:c;::;:;— r r£-
and Evan9e , ine Aquifers occur several .iles north of the sHe 1

The predominately clay and silty soi ls in the upper strata of th. a
Nation, in conjunction „,«, the southeast.^' ' e° ̂ t ̂serve as a confi n i ng ,ayer for the ^^ ™ •
artes 1 a n g dwatgr C0nd1 t 1on s 1n ̂  ^^ ^J "
in the overlying Beau-nont are considered too l imited for effect vTrl?to the deeper aquifers. effective recharge
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Dra i n ag e

Surface dra inage from the site cons i s t s of a system of poorly defined sur-
face d i tches , with storm water inlets and catch bas ins to convey runoff
into the storm sewer system from the more developed areas on the south and
north ends of the s i te . The undeveloped central part of the s ite is poorly
dra ined , with surface ditches dra i n i ng to runoff ditches a long the east and
west property borders in the rai lroad right-of-ways.

The southern two-th irds of the site d ra i n general ly to the south and east
into a southern extens ion of Hunt ing Bayou, wh i l e the northern th ird drains"
to the east direct ly into Hunt ing Bayou. Hunt ing Bayou is a tr ibutary to tnthe Houston Ship Channe l several mi les downstream of the s ite . _

Groundwater Oo

A survey of ex i s t i ng water we l l s in the v ic in i ty of the South Cava lcade
SHe was conducted for the ear l i e r McC l e l l a n d Engineers study (report No.
018 1 -0546-2 , dated September 30, 1 9 8 2 ) . F igure 2-5 depicts the locat ion of
ex i s t i ng wel l s in r e l a t i on to the s ite . Three common strata used for
groundwater suppl ies in the s i te area were ident if ied . The more sha l low of
the local aquifers is located at e l evat ions of about 170 to 220 feet below
ground surface . Thi s aquifer does not have a h igh yield and is restricted
primari ly to domestic uses . The second aqu ifer is found approximately at
depths of 400 to 600 feet. This aquifer is developed locally for mainly
industr ia l purposes. A third aquifer is located typical ly below 1 ,000 feet
and is used primari ly as a mun i c ipa l supply for the City of Houston*

The Pecore Fault is the only known act ive fault in the vic in ity of the
South Cavalcade Site . The fault trends approximately east-west and Inter-
sects the surface just north of Cava l cade street in the immediate vicinity
of the site. The approximate mapped locat ion of the Pecore Fault in the
site vicinity is shown on Figure 2-6. The predicted annual differential
movements across the fault are about 0.4 inches vertical and 0.1 Inch
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hor izonta l . Many faults in the Houston area tend to act as partial hydro-
geologic barriers to groundwater movements. Isolated portions of an
aquifer may thus have different hydrogeologic characteristics due to local
fault ing. The extens ive withdrawal of groundwater and petroleum suppl ies
in the greater Houston area, resulting in act ive land subs idence, has
caused accelerated fault movements dur ing recent years.

CMin
oo
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3.n REV IEW OF EXISTING INFORMATION

A prel iminary descript ion of contaminants found at the South Cavalcade Site
by previous invest igat ions provides a bas is for future remedial invest iga-
t ions . Any actual or potential health or environmental hazards already
identif ied wi l l he described as to types, physical characterist ics and
quantit ies, if known. The most probable pathways of exposure and escape of
hazardous mater ia ls wil l a lso be described.

Recent 19«2-fi3 invest igat ions of the South Cavalcade Street Site for the
Houston Metropol i tan Transit Authority (MTA) revealed areas of loca l ized °°
soi l and shal low groundwater contaminat ion. McClel land Engineers , Inc.
(HE ! ) performed a reconnaissance geotechnical survey in 1982 for MTA in
re lat ion to then pending plans for a Metro Regional Rai l System (RRS ) . ThC>
MEI survey included general soil horings and preliminary foundation inves-°
t igat ions for the proposed RRS yard and shop facility at the Cavalcade
Site .

Creosote odors were detected during the MEI investigations and soil and
groundwater samples were collected for ana lys i s . Trace amounts of naptha-
lene and phenanthrene were ident if ied and it was subsequently determined
that the site was contaminated from previous wood preserving operations*
It was recommended to MTA that additional investigations be conducted to
assess the extent of the contamination problem.

In Apri l of 1983, Camp nresser A McKee, Inc. (COM) was selected to perform
a contaminant survey of the Cavalcade Site. A COM report, in three vol-
umes, entitled "Cavalcade Contaminant Survey", and dated July 11, 1983,
provides a comprehensive assessment of their environmental study. COM' s
s ite invest igat ion program consisted of the fol lowing task activities for
the South Cavalcade Site:

3-1
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_________TASK________ PREF IX
Sediment Sampling SD
Surface Water Sampling SW
Surface Soi l Sampl ing SL
Soil Borings SL
Subsurface Soi l Samples SLShal low Observation We l l s OWDeep Observat ion Wel l OW
Production Wel l Sampling PW

NUMBER COMPLETED
424

10
13

9
1
3

Comprehensive invest igat ive results, methods and documentation are avai l-
able in the three-volume report "Cavalcade Contaminant Survey" by COM, in
assoc iat ion with MEI , dated July 11, 1983. Results of the COM contaminanT
survey are summarized in the fol lowing paragraphs.

3.1 SOIL INVESTIGATIONS
in
oo

Soil borings at sites related to the locations of earlier wood treatment
and coal tar d i s t i l lat ion faci l it ies dur ing tHe 191 1 - 1Q62 period were made
to investigate subsurface contamination and migration of contaminants in
the near-surface (to 40-foot depths) soi l profi le. All borings were con-
fined to onsite locat ions . Figure 3-1 exh ib i t s the locations of the soil
bor ing local i t ies .

Soil sampl ing depths and intervals were selected to best represent the pro-
bable pattern of contaminant concentration and movement. Sampl ing inter-
vals were continuous from ground surface to in feet below ground surface
for the deeper, 40-foot borings. Samples were taken for analysis at 5-foot
intervals from the 10 to 40 feet depth. The shal low depth borings (10
feet) were at locations more remote from suspected areas of contamination
and samples were taken at 2, 6, and 8-foot depths below ground surface at
these borings.

In all cases, rotary dri l l ing rigs were employed in conjuction with 3 inch
thin wall Shelby tube samplers, 2 feet in length, which were attached to
the bottom of the drill stem. Samples were taken by pressing the tube Into
undisturbed material at selected depths. The soil sampling analysis dis-
closed contamination with both organic and inorganic compounds in the

3-2
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vic in i ty of suspected disposal areas, particularly near the soil surface .
Concentrations of contaminants consistently decrease at greater depths in
the soi l profi le .

CDM' s soi l bor ing program also provided visual and olfactory evidence of
contamination in subsurface soil samples. All observations of soil contam-
inants were l imited to areas of previously known or suspected waste dispos-
al, with the exception of two off-site borings designated as SL-lfi and
SI-10 on Figure 3-1 . These observations (SL-10 and 16) are probably not
related to the previous users of the South Cavalcade Site, but to other
commercial or industrial sources in the area. ^~

3.2 SEDIMENT SAMPLING in
o

Bottom sediment samples were collected from surface drainage areas at the °
southern end of the site. Locations of sediment sample col lect ions (SD
pref ix) are shown on Figure 3-1 . Detai led analytical results of the sedi-
ment sampl ing for toxic compounds are presented in Sect ion 6 .3 , Vo l . I of
the COM report. The only f indings of s ign if i cance were the presence of
low-level refractory organic compounds, particularly the polynuclear aro-
matic hydrocarbons ( P A H ) , as consistent with the s i te ' s history of wood
preserving operat ions . Toxic metal contaminat ion, although posing no sig-
nif icant environmental hazard, may prove to be a problem with respect to
ultimate disposal . Results of analyses for contaminants in sediment sam-
ples are shown in Table 3-1.

3.3 SURFACE WATER SAMPLING

Two surface water samples were collected in conjunction with sediment sam-
ple locations SD-01 and SD-04. Surface water sample locations are desig-
nated SW-01 and SW-02 on Figure 3-1. No contamination of significance in
local runoff water was detected at site SW-01 and only low-level contami-
nation of PAH compounds was observed at the off-site SW-02 sample collected
from runoff waters in the railroad drainage ditch. Results of laboratory
analyses for contaminants in surface water samples are shown 1n Table 3-2.
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TABLE 3-1

SEDIMENT SAMPLING ANALYTICAL RESULTS

Vola t i l e Organ i c s (a l l values PPB, ug/kg wet weiqht)iiiiiiiii

Contaminant
Methylene Chlor ide

Refractory Organ i c s (a l l

Contaminant
Anthracene
Benzo(a)anthraceneBenzo(a)pyrene
3,4-Benzof luoranthene
Benzo(g ,h , i )pery lene
Bis(2-ethylhexyl )phtha lateChrysene
Floranthene
I nd eno ( l »2 ,3 , - c ld )py r en ePhenanthrenePyrene
FluoreneAceraphthene

SD-01

100

values PPB,
SD-01

240.
550.
500.

1 100.
430.
210.
550.

1 100.
320.
650.
850.
ND
ND

SD-02

48

ug/kg, wet
SD-02•

4700.
440.
250.890.
ND
NO
530.
750.
ND
ND
690.
360.
ND

-

SD-03

83

weight)
SD-03

*WW^MHb

1600.
620.
600.

1300.
ND
ND
680.

1200.
600.860.

1 100.
ND
ND

4

Toxic Metals and Inorcanics (all values PPM. ma/Ka. wetiiiiiii

Contaminant
Arsenic (As )
Beryl l ium (Be)Cadmium (Cd )
Chromium (Cr )Copper (Cu)
Lead (Pb )Mercury (Mg )
Nickel (N i )Si lver (Ag)
Thal l ium (Th)
Zinc (Zn )

SD-01

2 .0
0 .2
0.8

10 .0
13 .0
6 1 .0

0.025
4 .5
0.40

NO
160 .0

SD-02

2 .4
0 .6
0.6

13 .0
60.0
88.0

0.043
4.9
0.06
0.06

150.0

SD-03

1 .5
0.3
1 .0

12 .021 .0

SD-04

1 10

SD-04

2100.
18000.

5400.
4800.

ND
ND

14000.
25000.

ND
14000.
22000.

520.
580.

weight)
SD-04

2 .20.5
1 .4
9 .7

82.0
69 .0 185.00.032 0.0065 .4
ND0.97

150,0

2 .7
NDND
30.-0

SD-05

39
;

SD-05 CM

LO
ND ^~
ND 0
ND 0
ND
ND
ND
ND

320.
ND
NP

260.
ND
ND

SD-05

1 .5
0 .2

ND
6 .8

21 .0
20.00.006

2.7
ND
ND
30.0
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TABLE 3-21IfIf11Itr

[l
I
I
'iiiii

SURFACE WATER SAMPLING ANALYTICAL RESULTS

Volat i t e Oraan i c s
No volat i le organics detected.

Refractory Crcan ics (al l values reported as PPB, ug/1 )-.
SW-01 SW-C2

Contaminant
Benzo(a)antnracene ND 10.Benzo(a)pyrene ND 10.
3,4-benzofluoranthene ND 21.Benzo(k)f luoranthene ND 21.
Chrysene ND 12.
D1-n-butyl phthalate ND 18.Fluoranthene ND 17.
Pyrene NO 14. •

Toxic Meta l s and Inorgan ics (a l l values removed as PPM. m a/ 1 1
SW-01 SW-02- -™1- -1

Contaminant •'"
Cadmium (Cd ) 0 .05 ND
Zinc '(In) 0 .32 0 . 18

sin
•c—
oo
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3.4 SURFACE SOIL SAMPLING
Four surface soil sampling locat ions, designated SI-01 thru SL-04 on Figure
3-1 were inspected for contamination. All samples were collected at loca-
tions suspected of prior use for disposal of creosote or other wood pre-
serving products. Low-levels of volati le organic* were detected at all
four locations, with ethylbenzene at SL-04 of minor significance. The pre-
viously identified disposal areas, represented by SL-03 and SL-04, are
highly contaminated with both PAH and toxic metals at the surface. All
four sites indicate that use of an onsite treatment facility is question-^
able due to high toxic metal assays. Table 3-3 povides the results of coflfr
taminant analyses for surface soil samples. ^

3.5 SUBSURFACE SOIL SAMPLING
Oo

Multiple depths at each of 13 locations were sampled to determine the depth
of contamination and the structure of the underlying soil profile. Sam-
pl ing locations were selected at areas suspected of containing contamina-
tion or potential areas of future excavation for the RRS. Subsurface soil
sampl ing sites are designated with the prefix SL on Figure 3-1 . Detai l s of
the subsurface soil sampling program are found in Section 6.6 of the COM
report and are presented here in Table 3-4.

/The previously Identified contaminant areas (SL-03 and SL-04) are highly
'^-contaminated with both organic and inorganic (toxic metals) compounds at
the surface and near-surface (to 5-foot depths). The level of contamina-
tion for most compounds decreases rapidly with depth. At SL-03, the con-
tamination from polynuclear aromatic hydrocarbons decrease by a factor of
100 at the 10-foot depth,, with similar declines in Inorganic contaminants
except for beryllium (6e) , nickel (N1 ) and silver (Ag) . SL-04 demonstrates
a similar attenuation of contamination with increasing soil depth, but re-
quired greater soil depths (15-foot depth for PAH's and 20-foot depth for
most toxic metals) for similar levels of decline. An exception is a con-
tinuing high concentration of lead (Pb) at the 20-foot depth for SL-04.
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Contaminant

TABLE 3-3
SURFACE SOIL SAMPLING ANALYTICAL RESULTS

(a l l va lues PPE , ug/kg wet weight)
Slr.Pl SL-02 s SL-04

59
NO
NO .

39
ND
NO

59
ND
ND

ND
160

23

Methylene Chlor ide
Ethyl benzeneToluene

Refractory Organ ic s (al l values PPB9 ug/kg, wet weight)
SL-Q4 SUP? SL-03

Contaminant
Acenaphthene
AcenaphthyleneAnthracene
Benzo(a)anthraceneBenzo(a]pyrene
3,4-benzof luoratheneBenzo(g fh s i ) pery l eneBenzo(k ) f 1uorantheneChryseneFluorantheneFluorene
Indeno ( 1 ,2,3-c (d)pyreneNaphthalenePhenanthrenePyrene
Di-n-octyl phthalate

Toxic Meta l s and

100,000
3,000

240,000
1 7 , 0 0 0
4 ,600

10 .000
ND

10 ,000
1 1 ,000

260,000
80,000

ND
340,000
240,000
170 ,000

ND

ND
NO
ND
ND
ND
ND
NO
ND
ND
ND
ND
ND

' ND
ND
NO
11

780.
2400.

12000.
32000.
21000,
46000.

7200.
46000.
42000.

120000.
980.

7200.
lOO'O.
2000.

110000.
ND

ND
ND
ND

200.
ND

260.
ND

260.
200.
ND
ND
ND
ND
ND
10.
ND

Contaminant
Arsenic (As)Beryllium (Be)Cadmium (Cd)
Chromium (Cr)Copper (Cu)
Lead (Pb)Mercury (hg)
Nickel (Ni)Si lver (Ag)Thall ium (Tl)Zinc (2n)

values PPM. mg/kg, wet weight)
SU02 SL.Q3 SU01

0 .35
0.29
0.88

12 ,0
4.4
8 .4
0.005
8.6
0 .7

ND
14 .0

2 .5ND
ND

7.6
32.0
31 .0

0.00933 .0NDNO
40.0

82.0
0.20o.io79 .0

21 .054.0
0.0402 .7
0.20oao

290.0

1 .80.26ND
14 .0
ND
3 .4
0.0202.3

NDND
150.0

LA
ro
LH
*r—oo
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TABLE 3-4
SUBSURFACE SOIL SAMPLING ANALYTICAL RESULTS

i SL-03 (Al l organic values PPB, ug/kg, a l l inorganic va lues PPM, mg/kg wetweight bas i s )
Volat i l e Organ ic

Contaminants
Methylene chloride

Refractory Organ ic Contaminants
AcenaphtheneAcenaphthylene
AnthraceneBenzo(a)anthraceneBenzo(a)pyrene
3,4-Benzof1uorantneneBen2o(g , h , i Jperylene
6enzo(k)f1uoranthene
Chrysene
FluorantheneFluorene
l ndeno ( l ,2 »3-c ,d )pyreneNaphthalene
Phenanthrene
Pyrene
SL-03

Toxic Metal Contaminants
Arsenic (Ar)Beryll ium (Be)
Cadmium (Cd)Chromium (Cr)Copper (Cu)
Lead (Pb)Mercury (hg)
Nickel (Ni)Silver (Ag)
Thallium (Tl)Zinc (2n)

01
(2 )
59

02
(5 )
40

780.
2400.

12000.
32000.
21000.
46000.

7200.
46000.
42000.

120000.
580.

7200.
1000.

200CO.
rl 10000.

01
(2)

ND
280.

1000.
5600.2000.
6800.1600.6800.
4500.

24000.
NO

1800.
ND

5800.
.20000.

02
(5 )

03
( 10)
33

NDNO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
03

( 10 )

82*0
0.20
0. 10

79*0
21 .0
54,0

0.040
2.7
0.20
0. 10290.0

1 .50.20
ND14 .0
1 .9
7.20.6203.0

NO
NO
23.0

0.330.20
ND

3.4
1 .3
7 .2
0.009
2.1
0.88NO
3.6

\O
nin
oo
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TABLE 3-4 (continued)

SL-04 (all organic values PPB, ug/kg, al l toxic metal values PPK mg/kg,wet weight bas i s )
Vola t i l e Oraan i c

Contaminants
Ethyl benzene
Methylene chloride

01
(2 )

160
ND

02
(5)

98
52

03
( 10)

10
73

04
( 15 )

ND

llllllIllllllllll

Refractory Organ i c Contaminants
Acenaphthene
AcehaphthyleneAnthraceneBenzo(a)anthraeeneBenzo(a)pyrene3,4-BenzofIuorantheneBenzo (g ,h , i )Pery l ene
faenzo jk j f luorantheneChrysene
Dibenzo(e ,h )anthracene
Fluoranthene
Fluorene
Indenod^.S-c.dJpyrene
NaphthalenePhenantnrenePyrene
2,4-DimethylphenolSL-04

Toxic Metal
Contaminants

Arsenic
Beryl l ium
Cadmium
Chromi urn
CopperLeadMercuryNickelSilverZinc

100000.
3000.

240000.
17000.

4600.
10000.

ND
10000.
1 1000.

NO
260000.

80000.
ND

340000. -
240000.
170000.

ND

360000.
ND520000.27000.
7600.

16000.ND16000.20000.
ND

440000.
1 10000.

ND
640000.

1100000.
280000.

ND

80000.
3200.

48000.28000.
32000.

7200.5000.
7200.36000.5000.

120000.
64000.

ND
200000,
180000.
88000.

ND

54$£)
58(P320.
460.
340.

ND
340.320.ND

2000.
340.

ND
ND
4400.
1400.
ND

01
(2 )

02
(5 )

03
( 10)

04
(20)

1 .8
0.26ND

14 .0
ND3.4
0.020
2.3
ND

15.0

2.0
0.28
ND
4 . 1
0.56
0.37
0.005
3.70
NO23.0

1 .2
0.6
0.5
8.17 .7
9. 10.004

15.0
1 .224.0

0.29
0.31ND
3 .7
1 .26 .4

• 0.005
4.50
ND
5.8

3-10
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3.6 SHALLOW GROMNHWATERiiiiiiiiii(I

Nine shallow groundwater observation wells were located on the South Caval-
cade SUe to determine the extent of groundwater contamination in the upper
( sha l lowest) aquifer beneath the site and to determine the direction of
flow of the local groundwater system. Selected wells located near the sus-
pected contamination areas (OW-01 and 02) were sampled for organic contam-
ination. During the upper (shallow) aquifer groundwater sampling program,
the organic contamination detected was consistent with previously detected
surficial contaminants, except for concentrations for volati le organics
(benzene, ethylbenzene and toluene) observed in groundwater samples from CO
OW-02. These aromatic hydrocarbons are more consistent with recent hydro-*0*
carbon (petroleum products) contaminat ion, OW-01 showed no detectable
volati le organics and signif icantly fewer and smaller concentrations of o
refractory organics than found in tha groundwater at the OW-02 well s ite. O
Table 3-5 provides the results of contaminant analyses of the shallow
groundwater samples.

The levels of toxic metal contamination found in the upper aquifer ground-
water are within EPA primary and secondary drinking water standards. The
high levels of toxic metal contamination found in surface soil samples at
these locations are not reflected in associated shallow groundwater sam-
ples . This Indicates that the toxic metals are not in mobi le forms migrat-
ing downward through the soil.

The cyanide concentration observed in both wel l s OW-01 and OW-02 are Incon-
sistent with any known previous industrial source at this site. The pre-
sence of cyanide in the shal low groundwater may Indicate an off-site source
of cyanide compounds in the area.

3.7 PEEP GRQUNDWATFR SAMPLING
*

A deep (200 foot) groundwater monitoring well, designated as OW-06 on
Figure 3-1, was Installed and sampled to determine the extent of possible
grou.idwater contamination in a lower aquifer, used in the area as a source

3-11
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SHALLOW GROUNDWATER

Volat i l e Organ i c s (a l l value

Contaminants
Benzene
tthyl benzene
Toluene

Refractory Organ i c * (a l l val

Contaminants
2|4-Dimethyl phenol
PentachlorophenolPhenol
AcenaphtheneAcenaphthyleneBenzo(a)pyrene
Bis(2-etny lhexy l ) phthalate
Butyl benzyl phthalateUi-n-butyl phtnalate
FluorantheneFluoreneNaphthalenePhenanthrene
Pyrene

Toxic Meta l s and Inorganics

Contaminant
Arsenic (As )Copper (Cu)Zinc (Zn)Total Cyanide (Cn)

TABLE 3-5
SAMPLING ANALYTICAL RESULTS

s reported as PPB, ug/1)
OW-01

ND
ND
ND

ues reported as PPB , ug/1 )
OW-01

ND
ND
ND
49
17
NA
ND
ND
ND
23
73 ..

670
160
17

(a 1 ! values reported as PPM,
OW-01

ND0.06
0. 120.70

3-12

OW-02

21
58

1 10

inOW-02 ^_
Oo

630
66
59

380
30
29
17
17
34
34

30017000
240

27

mg/1 )
OW-02

0. 13
ND

0.20
0. 10
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of domestic water supply. A representative groundwater sample was collect-
ed fol lowing well stabi l izat ion. Two soil samples were collected from soil
immediately above and below the well screen depth. The groundwater samples
and the two soi l samples were analyzed for appropriate organic and inorgan-
ic contaminants are are shown in Table 3-6.

With the exception of trace concentrations of toluene in the groundwater
sample, the deep (200-foot ) aquifer and the associated soil samples were
uncontaminated with any other organic compounds. Inorganic contaminants
are present in detectable concentrations in the deep soil samples, but only
antimony (Sb ) , arsenic (As ) and selenium (Se) were observed in the ground-

in
water sample. The inorganic compounds (particularly arsenic and
are present only at low concentrations (As- . 05, Se- .26) within primary
dr ink ing water standards and present no public health or environmental
threat. The presence of arsenic at 12 .0 mg/kg in the soil samples may in
dicate a rather high natural background of this toxic material in the local
clay substrata.

3.8 PRODUCTION WELL SAMPLES

Selected production we l l s located wi tn in close proximity to the site were
sampled to determine the extent of any external migration of contaminants.
Product ion well depths ranged from 300 to 500 feet below ground surface.
Sampled production wel l s , labeled PU-01, 02, and 03 on Figure 3-1 , proved
to be uncontaminated with any detectable organics . Inorganic concentra-
t ions in excess of primary dr ink ing water standards were observed in PU-01
for lead (0 .36 ppm) k in PW-02 for both cadmium (0 .04 ppm) and lead (0 .3 t >
ppm) and in PW-03 for lead (0 .30 ppm). Table 3-7 provides contaminant
analysis for the deep production well samples.

ii
3-13
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TABLE 3-6
DEEP GROUNDWATER SAMPLING ANALYTICAL RESULTS

"""'" Or°""" ""••'-"«»««..»,.„„,

Contaminant
Toluene

Refractory Oraan i c c
No Compounds detected.

Toxic Meta l s an* in«Mj!,n1r.

Contaminant
Antimony (Sb)
Arsenic (As)Beryll ium (Be)Cadmium (Cd)Chromium (Cr)Copper (Cu)Lead (Pb)
Mercury (Hg)Mckel (M)
Selenium (Se)Silver (Ag)
Thal l ium (Tl)2inc (Zn)

i

(al l valuesweight)

'

0
0

NO
NO
NO
NO
NO
NO
NO
0.

NO
NO
NO

JW-06 SL-11
(Soi l )

(06) ( 1 1 )
49 NO

reported as PPM

OW-06 SL-11
(Soil

•1 NO
•C5 12 .0

0.300.30
17 .0
06
5 .7
0.003! -5260 ND

ND
2.1
3.1

SL-19(So i l )
( 19 )
ND

mg/1 or mg/kg wet

SL-19
) (So i l )

ND
12 .0
0.310.31
2.4
4.0
7.5 .NO
4.6NOND
1 .9
7.3

^rin
oo
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TABLE 3-7
DEEP GROUNDWATER SAMPLING ANALYTICAL RESULTS

(PRODUCTION WELLS)

.Volati le. Qrgan i c s
No volat i le organic compounds detected.

Refractory Qr.gan.1es
No refractory organic compounds detected.

Toxic Meta l s and Inorgan ics (a l l values reported as PPM, mg/1 )
PW-01 PU'-QZ PW-03

Contaminant
Cadmium (Cd )Lead (Pb)Zinc (Zn )

ND
0 ,35
0 .58

0.04
0.35o.sa

NO
0.30
0.28

CM

O
O
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4.0 POTENTIAL IMPACTS, EXPOSURE OR CONTAMINANT RELEASE

A prel iminary assessment of the ava i lab le site character izat ion data sum-
marized above can provide useful direction to the prediction of potential
onsite and off-site impacts of poss ible contaminant exposure or release to
other environments. Two princ ipal hazard areas of potential health or en-
vironmental impacts can be identif ied from preliminary assessment of the
data. These are the surface and near-surface contamination of the soi l
mater ia ls in the immediate vic inity of previously identif ied disposal

K^areas , and the associated sha l low groundwater contamination observed in the
same general areas . Surface water impacts are probably not s ign if icant \f\
health or environmental concerns based upon preliminary findings and cur- *-
rent condit ions, use and locat ion. Deep percolation and contamination of
local groundwater aquifers used for domestic, industrial or municipal water
suppl ies are also considered to be non-threatening to public health or the
environment.

4.1 SURFACE AND NEAR-SURFACE CONTAMINATION

Residual contaminants from earlier wood preserving and coal tar disti l la-
t ion act iv it ies at this site are restricted mainly to surface and near-
surface (10-foot depths, or less) contamination w'ith both organic (poly-
nuclear aromatic hydrocarbons) and inorganic (toxic metal) compounds in the
immediate vicinity of previous disposal areas*

The potential impacts of the surface and near-surface soil contamination in
these areas are as sources of continued shallow groundwater contamination,
and as sources of contaminant release to local environments from future
development or use of the site. The soil contaminants do not appear to be
an imminent threat to health or the environment due to volatil ization, dir-
ect contact, or surface runoff exposures under present conditions.

4-1
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4.2 SHALLOU GROUNQUATER CONTAMINATION

'The groundwater samp l i ng program conducted by COM indicated that the shal-
low water table condit ions at the site and the shal low sand strata (strata
III on Figure 2-3 ) are locally contaminated with both PAH and toxic metal
compounds , as consistent with the surface soil contamination observed in
and near the previous disposal areas. The aerial extent of present ground-
water contamination is not yet known, however, due to the limited ground-
water sampling carried out dur ing the COM contaminant survey.) It is pos-
s ib le , however, that the sha l low groundwater contamination is extens ive,
even extend ing off-s i te . More comprehensive sampl ing of local groundwater^
condit ions wil l be necessary to determine the extent and rate of migration^"

Lf\of contaminants in the sha l low groundwater in and near the site. It was
not evident at the time of COM' s work that the contamination of the shallop
groundwater in the vic in i ty of the South Cavalcade Site poses any imminent0
threat to publ ic health or the environment. There are no known users of
the sha l low groundwater, no known surface exposures such as ponds or stand-
ing water, and no known present Concerns with d ischarges from the sha l low
sand strata to local surface dra inage .

It is very l ikely that the shal low groundwater is also contaminated by a
variety of local urban and industrial sources. Contamination of the deeper
aqj ifers in the area, which are known to be used for domest ic , industrial
or municipal water supplies, was not considered hy COM to be a significant
threat to publ i c health or the environment.

4-2
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5.0 REFERENCE DOCUMENTS

1. U .S . EPA Region VI File Documents. Copies of relevant EPA file
documents on the South Cavalcade Site have been provided to COM.

2. Texas Department of Water Resources Fi le Documents. Pertinent
information on file with the TOWR in relation to state regulatory
actions for the site are included in a comprehensive microfiche fi le
made ava i l ab l e to COM by TOWR. Fi les include correspondence, telephoneinmemos, s ite summary, report excerpt, TOWR site invest igation report and .
other documentation.

3. Texas Natural Resources Information System. Physical site data,————————•——————————,——— ——— Lsens ing data, and other relevant site characterization information is
readi ly ava i l ab l e to COM from the TNRIS Aust in , Texas faci l it ies. An
index of ava i l ab l e aer ia l photographic coverage of the site has been
secured from TNRIS and appropriate photos selected and ordered.

£ . U . S . Geolog ica l Survey. Recent USGS 7 .5 ° quad, sheets for the site and
immediately surrounding areas have been obtained by COM.

5. City of Houston. Land use and storm/sanitary sewer maps of the area of
the site have been obtained from the Houston Publ i c Works Department.

6» COM Report and Files. The report "Cavalcade Contaminant Survey" in
three volumes, dated July 11, 1983, is on-hand at COM's Aust in off ice,
along with original data base for the report.

7. McCle l land Engineers Reports. The MEI report "Reconnaissance
Geotechnical Study, Proposed Cavalcade Yard Site" No. 0882-0282, dated
May 20, 1983 is on-hand at COM' s Aust in office. Their follow-up report
to (Coppers Company Inc. dated May 8, 1984, has been requested but not
yet received.

5-1
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8. Koppers Company, Inc. Koppers Company correspondence with TDWR and a
copy of the report "Proposed Work P l an , Remedial Invest igat ion/
Feas ib i l i ty Study Koppers Company Inc. Former Cava l cade p lan Site ,
Houston, Texas" dated December 13, 1984, are on-hand at COM Aust in .

\o
L̂H
V"oo
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SOP FOR DECONTAMINATION PROCEDURES
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Title:
STANDARD OPERATING PROCEDUREDecontamination

A.
Page
Date: lit Qtc
Number: 7600
Revision: 1

1.0 General Applicability
This SOP describes the methods to be used for the decontauinlxation of all fiald
equipment which becomes potentially contaminated during a staple collection
taak. The equipment may Include split spoons, bailers, trowels, shovels, hand
Augers, or any other type of equipment used during field activities.
Decontamination Is performed as a quality assurance measure and 4 safety
precaution. It prevents cross-contamination between samples and also helps to
maintain a clean working environment for the safety of all field personnel
involved, including the environment.
Decontamination Is mainly achieved by rinsing with liquids which include:°°saap
and/or detergent solutions, tap water, delonized water, and methanol. Eq&tpment
will be allowed to air dry after being cleaned or may be wiped dry with chemical
free cloths or paper towels if iromediate re-use is needed. v-
The frequency of equipment use, dictates that most decontamination be _
accomplished at etch sampling site between collection points. Waste products
produced by the decontamination procedures such as wast* liquids, solids, rags,
glove*, etc. will b« collected and disposed of proparly based on the nature of
contamination. All cleaning materials and wastes should be stored in a central
location so as to maintain control over the quantity of materials usad and/or
produced throughout the study.

2.0 Responsibilities
It is the primary responsibility of the site operations manager to assure that
the proper decontamination procedures are followed and that all waste materials
produced by decontamination are properly stored and disposed of.
It Is the responsibility of the project safety officer to draft and enforce
safety measures which provide the best protection for all persons involved
directly with sampling and/or decontamination.
It is the responsibility of any subcontractors ( i . e . . drilling contractors) to
follow the proper, designated decontamination procedures that are stated in
their contracts and outlined in the Project Health and Safety Plan.
It is the responsibility of all personnel involved with sample collection or
decontamination to maintain a clean working environment and to ensure that any
contaminants are not negligently introduced to the environment.

0894J
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Title:
STANDARD OPERATING PROCEDURE

Decontamination

Page of

lit QtrNumber: f"
Revision:

IA
v-oo

3.0 Supporting Material*
• cleaning liquids: soap and/or detergent solutions, tap water, delonizadwater, methanol
e personal safety gear (defined la Project Health and Safety Plan)
e chemical-free paper towels
e disposable gloves ^r
e waste storage containers: drums, boxes, plastic bags
e cleaning containers: plastic buckets, galvanized steel pans
e cleaning brushes

4.0 Methods or Protocol for Decontamination
4.1 General Procedures

4.1 . 1 The extent of known contamination will determine to what extant tJu
equipment needs to be decontaminated. If the extent of
contamination cannot be readily determined, claaning should be done
according to the assumption that the equipment is highly
contaminated until enough data are available to allow assessment a£
the actual level of contamination.

4 . 1 . 2 Adequate supplies of all materials must be kept on hand, this
includes all rinsing liquids and other materials listed in
Section 3 .0 .

4. 1 .3 The standard procedures listed in the following section can be
considered the procedure for full field decontamination. If
different or more elaborate procedures are required for a specific
project, they will be spelled out in the project work plan. Such
variations in decontamination may include following all, just ptrt ,
or an etpanded scope of the decontamination procedure statad here in

4.2 Standard Procedures
4.2 . 1 Remove any solid particles from the equipment or material by

brushing and then rinsing with available tap water. This initial
step is performed to remove gross contamination.

0394J
-eNVIRONMeNTALRESEARCHSTECHNOLC
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Title:
D.co«t«ia.tio^TANDARD OPERATING PROCEDURE Page jf 4

Date: 1st Qtr 1
Number: 7600
Revision: 1

4 . 2 . 2 Wash equipment sampler with the soap or detergent solution.
4 . 2 . 3 Rinse with tap water
4 . 2 . 4 Rinse with deioalsed water
4 . 2 . 5 Rlase with metbanol
4 . 2 . 6 Repeat entire procedure or any parts of the procedure if necessary
4 . 2 . 7 Allow the equipment or material to air dry before re-using
4 . 2 . 8 Dispose of aay soiled materials la the designated disposal conta iner

5.0 specific Decontamination Procedures ^
S.I Submersible Pump

5 . 1 . 1 Applicability
O
O

This procedure will be used to decontualnate submersible pum&s
betweea ground-water sample collection points and at the end of eachday of use *

5 . 1 . 1 Materials
o plastU-nalgene upright cyl inder
o 5-10 gallon plastic water storage conta iners
o aethaaol aod dispenser bottle
o delonized water and dispenser bottle
o chemical free paper towels
5 * 1 . 3 . 1 During decontaaination tha submersible pump will be placed

on a clean surface or held away fro to ground.
S . I . 3 . 2 When removing the submersible pump from each well the pow«

cord aad discharge line will be wiped dry usingchemical-free disposable towels,
5 * 1 . 3 . 3 Cleaa the upright plastlc-nalgene cylinder with first a

nethaaol aad then a deionized water r inse * wiping the freeliquids after each.

0894J
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Tide:
STANDARD OPERATING PROCEDURE

Decontamination

Page g\

Date:
Number:
Revision:

1st Qtr
76(

5 . 1 . 3 . 4 Reverse pufflp backwashing all removable residual water
present la the pump tubing. The pump should be shut off as
soon as Intermittent flow Is observed from th* reverse
discharge.

5 . 1 . 3 . 5 Bins* th* stalnlese it««l submersible down hole puap
•eetloo with 4 liberal application of methanol end wipe dry.

5 . 1 . 3 . 6 Place the submersible pump section upright In the cylinder
tad fill the cylinder with tap water* adding 50-100 ml of
methanol for every one liter of water. v~in

5 . 1 . 3 .7 Activate the pump In the forward mode withdrawing wattffc
from the cylinder. v-

O5 . 1 . 3 . S Continue pumping until the water In the cylinder is pulped
dowa and air Is drawn through the pump. At this time air
pockets will be observed in the discharge line. Shut off
the pump immediately.

5 . 1 . 3 . 9 Bemove the pump from the cylinder and place the pump in the
reverse mode allowing that all removable water be
discharged on to the ground surface as discussed in Step ..

5 . 1 . 3 . 1 0 Using the water remaining In the cylinder, rinse the sea led
portion of the power chord and discharge tube by pouring
the water carefully over the coiled lines.

5 . 1 .3 . 1 1 When reaching the next monitoring well place the pump in
the well casing and wipe dry both the power and discharge
lines with a clean paper towel as the pump is lowered.

5 . 1 . 4 Quality Assurance
To assure that decontamination Is complete, field blank samples
shall be collected using the cleaned submersible pump. These field
blanks will be subsequently analyzed for the parameters of interest
with respect to the ground water.
The procedure for collecting the field blanks will comprise using
the pump to withdraw the tap water used for decontamination, from
the plastic cylinder to sample containers, this'field blank iampla
collection procedure shall only be performed after the materials to
be used have been decontaminated.

0894J
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Occupational Health Guideline for
Coal Tar Pitch Volatiles

INTRODUCTION
This guideline u intended a* * source of information for
employee* employers. physicians, industrial hygienists,
•ad other occupational health profession*!* who may
have a &eed for tuch information. It does not attempt to
preaeat all data; rather, H presents pertinent information
aad data in summary form.
SUBSTANCE IDENTIFICATION
Anthrccttw
• Formula: Ci«Hi«
• Synonyms: None
• Appearance and odor: Pale green solid with a faint
aromatic odor.
PhManthrtM
• Formula: Ct«Hi*
• Synonyms: None
• Appearance and odor: Colorless solid with a faint
aromatic odor.
Pyr*n«
• Formula: CitHi*
• Synonyms: None
• Appearance; Bright yellow solid
Cartatoto
• Formula: CuliiN
• Synonyms: None
• Appearance and odor: Colorlesa solid with a faint
aromatic odor.

• Appearance and odor: Colorlen solid with a faintaromatic odor.
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSHA standard for coal tar pitch volatile*
is 0.2 milligram of coal tar pitch volatile* per cubic
meter of air (mg/m*) averaged over an eight-hour work
shift. NIOSH has recommended that the permissible^
exposure limit for coal tar products be reduced to 0. 1 ̂
mg/m* (cyclohexane-extractable fraction) averaged
over a work shift of up to 10 hours per day, 40 hours per ̂
week, and that coal tar products be regulated as occupa- v~
tkmal carcinogens. The NIOSH Criteria Document for O
Coal Tar Products aad NIOSH Criteria Document foro
Coke Oven Emissions should be consulted for more
detailed information.
HEALTH HAZARD INFORMATION

* Formate CJriu* SvBOayma:BaP,3,4*benzopyrene

Coal tar pitch volatile* can affect the body if they are
inhaled or if they come in contact with *he eyes or akin.
• EfTsctt of ottrcipoawt
Repeated exposure to coal tar pitch volatilea has been
associated with an increased risk of developing bronchi-
tis and cancer of the lungs, skin, bladder, and kidneys.
Pregnant women may be especially susceptible to expo-
sure effects associated with coal Ur pitch volatile*.
Repeated exposure to these materials may also cause
sunlight to have a more severe effect OB a pawn's skin.
In addition, this type of ':xposure may cause an allergic
skin rash.
• Reporting dana and iviBfttoma
A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure to coal tar pitch volatile*.
• Recomnicndtd medical lurrelUaace
The following medical procedure* should be made
available to each employee who it exposed to coal tar
pitch votatiles at potentially hazardous levels:

The** recommendation* r*((*ct good industrial hygwnt and medical turv*illane« practices and th*ir implementation willassist in achieving *n *H*c1iv* occupational health program. How*var. lh*y may not be sufficient to ichf*v* compliance
with all requirements of OSHA

U.S. DEPARTMENT OF HEALTH AND HUUAH SERVICES
Putok Health Strvic* Centers lot Osttse Control

tnstitutt for Occupational S«l«ty and

U.S. DEPARTMENT OF LABORSa'tty a"<J H«atm Administration
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/. initial Mdical Examination:
—A complete history and physical examination: The

purpose it to detect pre-existing condition* that might
place the exposed employee at increased ride, and toestablish a baseline for future health monitoring. Exami-
nation of the oral cavity, respiratory tract, bladder, and
kidneys should be stressed. The skin should be exam-
ined for evidence of chronic disorder*, for pmnslignantand m îigM^ letioM, and evidence of byperpigmeota-
tioo or photoaensftivity.—UrinaJytb: Coal tar pitch volatile* are astoristort
with an excest of kidney and bladder cancer. A urinaly-
sia should be obtained to include at a minimum specific
gravity, albumin, glucose, and a microscopic on centri-
fuged sediment, at well at a teat for red blood cell*.
—Urinary cytology: Coal tar pitch volatile* are asso-

ciated with an excest of kidney and bladder cancer.
Employee* having 3 or more yean of exposure or who
are 43 yean of age or older should have a urinary
cytology examination.—Sputum cytology: Goal tar pitch volatile* are asso-
ciated with an excest of lung cancer. Employee* having
10 or more yean of exposure or who are 45 yean of age
or older should have a sputum cytology etaminstfea,—14" i 17** chest roentgeoogram: Coal tar pitch
volatile* are associated with an excess of lung cancer.
Surveillance of the lung* is indicated

—FVC and FEV (I sec): Coal tar pitch volatile* are
reported to cause an excess of bronchmt. Periodic

—A complete blood count: Due to the possibility of
benzene exposure associated with coal tar pitch vola-
tile*, a complete blood count it considered necessary to
ftparch for leukemi
—Skin disease- Coal tar pitch volatile* are defattmg

agents and can cause dermatitis on prolonged exposure.
Persons with pre-existing skin disorder* may be more
susceptible to the effect* of these agent*.
2 JVriorffe MstVco/ ExtmiitMtio*: The aforementioned
medical examinations should be repeated on an annualbaas, and temi-annuaUy for employee* 43 yean of age
or older or with 10 or more yean* exposure to coal tar
pitch volatile*.• Sausaary of toxicology
Coal tar pitch volatile* (CTPV) are product* of the
destructive distillation of bituminous coal and contain
potyauclear aromatic hydrocarbons {PNA's). These
hydrocarbons sublime readily, thereby increasing the
amounts of carcinojeoic compound* in working areas.
Spidemiologic evidence suggests that worken intimate-ly exposed to the products of combustion or disritiarimi
of bituminous coal are as increased risk of cancer atxnany the*. These include cancer of the respiratory
tract, kidney, bladder, and skin, tn a study of coke oven
worken, the level of exposure to CTPV and the length
of time exposed were related to the development of
cancer. Coke oven worker* with the highest rub of
cancer were those employed exclusively at topside job*
for 3 or more yean, for whom the increased riik of

dying from luag cancer wa* 10-fold; all coke oven
worken had a 7-fc-fold increase fa rk* of dying fromkidney cancer. Although the causative agent or agents
of the cancer ia coke oven worken fe unidentified, H itinspected that several PNA's in the CTPV generated
during the coking process are involved. Certain indus-
trial populations exposed to coal tar products have a
demonstrated risk of skin cancer. Substance* cootaimag
PNA's which may produce skin cancer also producecontact dermatitis; example* are coal tar, pitch, and
cutting oils. Although allergic dermatitis is readily
induced by PNA's m guinea pigs, it it only rarely
reported in human from occupational contact with
PNA's; these have renhed largely from (be therapeutic
use of coal tar preparation*. Component* of pitch andcoal tar produce evtaneout pbotosensitiation; skin
eruptions are usually limited to areat exposed to the sun
or ultraviolet tight Most of the pbototoxic agents will
induce hypermelanotit of the skin; if chronic photodei-
matin* is severe and prolonged, leukoderma may occar,
Some oils containing PNA't have been associated wrth
change* of foOkular and sebaceous glands which co&
toooly take the form of acne. There is evidence that
exposure* to «missiom at coke oven and gas retort*
may be associated with an tncreased occurrence <o/
chronic bronchitis. Coal tar pitch volatile* may £sj
associated with benzene, an agent suspected of causing
IgiA^qU^ and Iranum tn 5*f fljf tP***!^

CHEMICAL AND PHYSICAL PROPERTIES
I* Molecular weight: 1712
1 Boilingpoinl(760mmHg3:340C(644P)
3. Specific gravity (water - 1): 1.24
4. Vapor density (sir » 1 at boiling point of anthra-cene): 6.13
3. Meltugpoint:2i7C(423F)
6. Vapor pressure a! 20 C(6SP): Let* than 1 mm Hg
7. Solubility to water. g/lOOg water at 20 C (61 F):Insoluble
I. Evaporation rate (butyl acetate »» 1): Not fippttca-ble

• Ptyatcaltfata— PfceaaatfcrtM
1. Molecular weight: 1712
2. Boiling point (760 mm Hg): 340 C (644 F)
3. Specific gravity (water- 0:1.18
4. Vapor density (sir « I at boiling point of phea-

anthrene):6.!3
3. Melting potot; 100.3 C (213 F)
6. Vaporpreaiureat20C(6SF):te*tthanlmmHg
7. Solubility in water, g/lOOg water at 30 C (68 F):Insoluble
8. Evaporation rate (butyl acetate - I): Hot applica-ble
1. Molecular weight; 202.3
2. Boiling point (760 mm Hg): Greater thta 360 C

(greater than 680 F)

I 2 Coai Tar Pftclt VolatHe* t»7*
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3. Specific gravity (water - 1): 1.28
4. Vapor density (air * I at boiling point of pyrene);

6.95. Meltingpoint:150.4C(303F)6. Vapor preuure^t 20 C<WF): Less than! mm Hg
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble8. Evaporation rate (butyl acetate - 1): Not applica-
ble* Pineal data—Carfeasole

1. Molecular weight: 167.2
2. Boiling point (760 mm Hg): 355 C (671 F)
3. Specific gravity (water * 1): Greater than 1
4. Vapor density (air » 1 at boiling point of carba*

zoic): 5.8
5. Melting point: 246 C (475 F)
6. Vapor pressure at 20 C (68 F): Less than 1mm Hg
7. Solubility in wrier, g/100 g water at 20 C (68 F):

Insoluble
8. Evaporation rate (butyl acetate « 1); Not applica-

ble* Physical data BeiToftOpryaae
1. Molecular weight: 252.3
2. Boiling point (760 nun Hg): Greater than 360 C

(greater than 610 F)
3. Specific gravity (water — 1): Greater than 1
4. Vapor density (air - I at boiling point of

benzc<a)pyreae): 8.7
5. Melting point: 179 C (354 F)
6. Vapor pressure at 20 C (68 F): Lees than I mm Hg
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble
8. Evaporation rate (butyl acetate * 1): Not applica-

ble
* ReactMrjr

1. Conditions contributing to instability: None haz-
ardous

2. Incompatibilities: Contact with strong oxidizen
may cause fires and explosions.

3. Hazardous decomposition products: None
4. Special precautkwa; None
1. Plash point: Aathrace*: 121 C (250 F) (c!o*ed

cup); Others: Data not available
2. Autoigniticn temperature: Anthracene: 540 C

(1004 F); Others: Data not available
3. Flammable lifflitt in air, % by volume: Anthra-

cene: Lower: 0.6; Others: Data not available
4. Extinguiihant: Foam* dry chemical, and carbon

dioxide* Waniat pnpartla*
Grant state* that Mco*l tar and itt various crude frac-
tions appear principally to cause reddening and squa-
roous eczema of the Ud margins, with only email ero-
sions of the comeal epithelium and superficial change*
in the stroma, which disappear in a month following
exposure. Chronic exposure of workmen to tar fumes
and dust has been reported to cause conjunctivitis and
discoloration of the cornea in the palpebral fiisure.

either near the limbus or. in extreme cases* across thewhole cornea. Occasionally, epithelioma of the lid
margin baa been attributed to contact with coal tar.'*
MONITORING AND MEASUREMENTPROCEDURES
* Geaeral
Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is btsedon a single eight-hour sample or on two four-hour
sample*. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air sample* should be taken in the
employee's breathing xoae (atr thai would most nearly
represent that inhaled by the employee).
* Metfcoi
Coal tar products may be sampled by collection on a
glass fiber filter with subsequent ultrasonic extraction
and weighing. An analytical method for coal tar pitch
volatile* is in the NIOSH Manual of Analytical Methods. ^
2nd Ed.. Vol. I. 1977. available from the Government LTV
Printing Office, Washington, D.C 20402 (GPO No. v-
017-033-00267-3). o

RESPIRATORS
* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exception* where respirators may
be used to control exposure. Respirators may be used
when engineering acd work practice controls are not
technically feasible, when tuch controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respiraton is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.
* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.
PERSONAL PROTECTIVE EQUIPMENT
* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
coinimumX and other appropriate protective clothing
necessary to prevent skin contact with condensed coal
tar pitch volatile*, where skin contact may occur.
* If employees* clothing may have become contaminat-
ed with coal tar pitch volatile*, employees should
change into u neon urn inated clothing before leaving the
work premises.
* Clothing contaminated with coal tar pitch volatile*

O
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should be placed in closed containers for storage until it
can be discarded or until provision is made for the
removal of coal Ur pitch volatile* from the clothing. If
the clothing is to be laundered or otherwise cleaned to
remove the coal tar pttcb volatile*, the person perform-
ing the operation should be informed of coal tar pitch
volatiles's hazardous properties.
* Employee* should be provided with and required to
use splash-proof safety goggles where condensed coal
tar pitch volatile* may contact the eyes.
SANITATION
• Workers subject to skin contact with coal tar pitch
volatile* should wash with soap or mild detergent and
water any area* of the body which may have contacted
coal tar pitch volatile* at the end of each work day.
• Employee* woo handle coal tar pitch volatile* should
wash their hands thoroughly with soap or mild deter-
gent and water before eating, smoking, or using toilet
facUitiee.
* Area* to which exposure to coal tar pitch volatile*
may occur should be identified by signs or other
appropriate means, aad accea* to these areas should be
limited to authorized persona.
COMMON OPERATIONS AND CONTROLS
The following list include* some common operations in
which exposure to coal tar pitch volatile* may occur
and control method* which may be effective in each

Control*
Process enclosure;local exhaust
ventilation; generaldhition ventilation;paraonal protectKwequipment
Proceta encfoaure;local exhaustventilation; generaldHution ventilation;
paraonal protectiveequipment

Process encloeure;local exhaustventilation; generaltftutJon ventilation;
poreona! protectiveequipment

Operation
liberation from
extraction andpackaging from ooeJ taffraction of coWng

Uae as a bitting agent|n manufacture of coalbrlojuettee uaed tar ftMfcuee aa a defeetfe In themanufacture of batteryelectrodea. electric-arclumace eSeetrodse, andelactrodaalor atominereduction
Use In manufacture ofroofing fefts and papereand roofing

Operation
Uae for protectivecoatings for pfpea forunderground conduitsand drainage; uee at«coating on concrete aawaterproofing andcorrosiorHeaietammaterial; use in roadpaving and sealing
Use In manufacture andrepair of refractorybrick; use *n productionof foundry cores; use Inmanufacture of carbonceramic rterna

Control*
Process andoaure;local exhaustventilation; generaldHution ventilation;personal protectiveequipment

Process enclosure;local exhaustventilation; generaldilution ventilation;
personal protectiveequipment

EMERGENCY FIRST AID PROCEDURES
In the event of an emergency, institute first aid proce-
dure* *nd iend for first aid or medical assistance^
• EyeEspoaw* ^
If condensed coal tar pitch volatile* get into the eye**-
wash eyes immediately with targe amounts of wateio
lifting the lower aad upper lids occasionally. If irritation^
is present after washing, get medical attention. Contact
lenses should not be worn when working with the**
chemicals.
• SklaExBocwt
If condensed coal tar pitch volatile* get on the skin,
wash the contaminated akin using soap or mild deter*
gent and water. Be sore to wash the hands before eating
or smoking and to wash thoroughly at 4he close of
work.
• Breetalag
If a person breathes in targe amounts of coal tar pitch
volatile*, move the exposed person to rreah air at once.
If breathing has stopped, perform artificial respiration,
Keep the affected person warm and at rest Oet medical
attention a* soon at poaable.
• Rasee*
Move the affected person from the hazardous exposure.
If Ihe exposed penoa has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedure* and
know the locations of rescue equipment before the need
arise*.
SPILL AND DISPOSAL PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of release* until
cleanup has besn completed.
• If co*l tar pitch volatile* are refeaied In hazardous
concentrations, the following step* should be taken:
1. Ventilate sres of ipill.

4 Coal Tar Mteft Ve4aWoe Soptwntw 1ST»

001556



iiiiiiii

2. Collect released material in the mott convenient and
ufe manner for reclamation or for disposal in sealed
container! in a secured sanitary landfill.• Waste disposal method:Cod tar pitch volatile! may be disposed of in sealed
containers in a secured sanitary UndfUI.
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RESPIRATORY PROTECTION FOR COAL TAR PITCH VOLATILES

Condition Minimum Re*pirafory Protection*
Required Above OM mg/m*

Particulata and Vapor
Concentration
2 mg/m* or less

10mg/m>orless

A chemical cartridge respirator with an organic vapor cartridge{*) and wtth afuma or high-efficiency flttar.
Any suppliad-atr raspirator.
Any self-contained braathing apparatus.
A chamical cartridge respirator wtth a futl fecepfece and an organic vaporcartridge(s) and with a fuma or high-efficiency fitter.
A gas mask with a chin-style o." a front* or back-mounted organic vapor canistarand with a full facapiaca and a fuma or high-efficiency flttar. oo
Any suppliad-aV raspirator with a full facapiaca. hatmat or hood
Any satf-containad braathing apparatus wtth a full facapiaca.

in
in

———————————————————————————————————o
A Typa C supptied-air raspirator operated in pressure-demand or othar posftlveo
pressure or continuous-flow mode.
A powered air-purifying raspirator wtth an organic vapor cartridge and a high-
efficiency paniculate filter.

200 mg/m' or less

400 mg/m1 or less

Greater than 400 mg/m* or
entry and escape from
unknown concantrationa

A Type C supplied-alr respirator with a full faoeptece operated in pressure-
demand or other positive pressure mode or with a futl facepiece, helmet, or hood
operated in continuous-flow mode.

Sett-contained breathing apparatus wtth a futl facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C suppQedak respirator wtth ft
full faoeptece operated In presaure^emand or other positive pressure or continu-
ous-flow mode and an auxiliary saK-contained breathing apparatus operated In
pressure-demand or other positive pressure mode.

Fire Rghting Sett-contained breathing apparatus wtth a full facepiece operated In pressure-
demand or other positive pressure mode.

Escape Any gas mask providing protection against organic vapors and pertteulatae,including pesticide respirators which meet the requirements of this class.
Any escape seH-contalnad breathing apparatus.

*Onty NIOSH-approved or MSHA-approved equipment should be used.
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Spray workers exposed at 0.5% Dursban emulsion in
field trials for malaria control on premises showed a mea-
surable decrease in plasma and red cell cholinesterase lev-
els.'101 In this study, 5 of 7 sprayers showed more than 50 per
cent reduction in cholinesterase within two weeks after
the spraying program began, tn another study/61 human
volunteers were exposed to thermal aerosols containing
Dursban insecticide for one period. Exposures of 3 to 8
minutes at concentrations of about 0.8 ^m/m1 in air pro-
duced no significant alteration of cholinesterase levels.
This concentration resulted from the recommended appli-
cation rate in thermal fogging.

Available studies indicate that Dursban is rapidly meta-
bolized in the animal body.'81

There was evidence of teratologic or reproductive ef-
fects in male and female rats fed 1.0 mg/kg per day during
a three-generation reporduction and fertility study.1"'

A TLV of 0.2 and a STF.L of 0.6 mg/m1 are recommended
to prevent any measurable decrease in plasma cholinester-
ase activities arid provides a very wide margin of safety in
preventing cholinergic symptoms or organic injury.
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CHROMIUM
Cr
Metal and Inorganic Compounds, as Cr
TLV, 05 mg/m3 — Metal

QS mg/m3 — Cr tl Compounds
0.5 mg/m1 *- Cr III Compounds
0.05 mg/m1 — Water Soluble Cr VI Compounds
0.05 mg/m3. Appendix Ala — Recognized Carcinogen
— Certain Water Insoluble Cr VI Compounds

Chfon,,um is a msialltc element, atomic number 24.
atomic weight 57.9%, in Group VIB of the periodic table. It
is a sleet-gray, lustrous metal, with a specific gravity of 7.20.
The melting point is 1900° C and boils at 2642° C. The
metal reacts with dilute hydrochloric acid and sulfuric
acid, but not with nitric add.

Chromium metal was first isolated in 1798. The chief
uses of chromium and chromium compounds are in stain-
less and alloy steels, refractory products, tanning agents for
'eather, pigments, electroplating, catalyst and in corrosion
resistant products. Chromium is obtained from chromite
ores {FeO'OiOj), Relatively large deposits of chromiie ore
were found near Baltimore in the United States but no
mining has taken place there since 1%1.

Chromium can have a valence of 2, 3 or 6, and a wide
range of chromium alloys and inorganic chromium com-
pounds are encountered in the workplace. These chromi-
um compounds vary greatly in their toxic and carcinogenic
effects. For this reason it is necessary to divide chromium
and its inorganic compounds into a number of groupings
— each with its specific TLV based on available toxtcologi-
cal and epidemiotogical evidence. These groupings are:

1. Chromium metals and alloys
This grouping includes chromium metal, stainless
steels and other chromium-containing alloys.

2. Divalent chromium compounds (Cr1*) (Chromous
compounds)
This grouping includes chromous chloride (CrClj)
and chromous sulfate (OSCM.

3. Trivalent chromium compounds (Cr3*) (Chromic
compounds)
This grouping includes chromic oxide (OjOj).
chromic sulfate (Cri[SO<]j), chromic chloride (OOi),
chromic potassium sulfate (KGfSCUh} and chromite
ore (feOCoOi).

4. Hevavalent chromium compounds (Cr**)
This grouping includes chromium trioxide (CrOj) —
the anhydride of chromic acid — chromales (e.g.,
NaiOCM, dichromates (e.g., NajOiOj) and polych-
romates. Certain hexavalent chromium compounds
have been demonstrated to be carcinogenic on the
basis of epidemiological investigations on workers
and experimental studies in animals. In general, these
compounds tend to be of low solubility in water and
thus may be subdivided into two subgroups:
(a) Water soluble hex aval en t chromium com-

pounds
These include chromic acid and its anhydride,
and the monochromates and dichromates of
sodium, potassium, ammonium, lithium, cesi-
um and rubidium.

(b) Water insoluble hexavalenf chromium com-
pounds
These include zinc chromate, calcium chro-
maie, lead chromate, barium chromaSe, stron-
tium chromate and sintered chromium triox-
ide.

Hexavalenl Chromium
The first cases of occupational health effects from hexa-

valenl chromium were reported in 1827111 by Cumin, who
observed cases of skin ulceration and dermatitis in dye
workers handling potassium dichromate. Mackenzie"* in

tn
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1884 reported that perforation of the nasal septum oc-
curred in workers exposed lo potassium bichromate. Da-
Costa et a/1*1 in 1916 described chrome ulcers in (anners
and dryers Parkhursl15' in 1925 reported chrome dermatitis
in blueprint workers exposed to potassium dichromale.
Bloomfield and Blum<6> reported on their study of electro-
platers exposed to acidic mist of hexavalent chromium
compounds. They noted that 20 or 23 workers examined
showed evidence of perforated or ulcerated nasal septa
and skin ulcers (chrome holes). The Factory Inspectorate in
Great Britain'71 reported in 1930 on the results of medical
examinations of 223 persons engaged in chromium plating;
42.6% had dermatitis or skin ulcers and 52% had perforated
or ulcerated nasat septa.

The occupational health literature affords abundant evi-
dence that hexavalent chromium compounds may cause
irritant and allergic contact dermatitis, skin ulcers, and na-
sal irritation varying from rhinitis to perforation of the nasal
septum. Dermatitis from exposure to soluble hexavalent
chromium has been reported in lithographers18-9' diesel re-
pair shop workers'101 and leather workers.* 1 1 * Soluble chro-
mates in cement have been stated to be the cause of ce-
ment dermatitis in some workers.1'11

Attempts have been made to correlate the airborne lev-
els of hexavalent chromium with irritation of the nasal mu-
cosa. In the study by Bloomfield and 8!um,ft| electtoplalers
were exposed to estimated exposures ranging from 0.06 to
2.8 mg/m1 (a* O*). Levels of O** in the form of chromi-
um trioxide, were capable of giving rise to nasal irritation
at concentiations as low as 0 06 mg/m j. It is difficult lo rule
out the importance Of personal hygiene in the production
of nasal symptoms from direct transf _jr of chromium (Cr*>*)
to the nasal mucosa. Nasal irritation is produced from ex-
posure to soluble chromate and bichromate salts as well as
to chromic add misl.m-n) The studv by ihe U.S. Public
Health Service1"1 noted thai the mean concentration of
water-soluble chromium in plants where nasal irr itat ion
was encountered was 0068 mg/ml as Cr* * .

fpiderniological studies showing an increased inci-
dence 01 lung cancer among workers involved tn the man-
ufacture ot chrome pigments have been reported from
Germans .<"> Norwav(Ibl and United States.' 171 Machle and
Gregonusmt first reported increased incidence of lung
cancer in (he United Stales chromate industry. Baetjer' 181

carried out a case control studv and confirmed the in-
creased nsk of lung cancer among the U.S. chromate work-
ers. Mancuso and Hueper*191 attempted to estimate the air-
borne exposures to chromium in those who developed
lung cancer. They found that these workers were exposed
to 0.01 to 0.15 mg/m j of water soluble chromium and 01 to
0.58 mg'm 1 of water insoluble chromium. The insoluble
fraction was denoted as Cr 1 * and the soluble as Cr** but tt
is impossible to assign Cr** or Cr 1 * exclusively to either
fraction.

The chromate workers in the preceding studies were
exposed to various Cr1* and Cr*>* compounds as well as to
other substances. In general, the evidence does not suggest
that chromite ore, a water insoluble Cr 1 *- substance, is a
carcinogen. While the evidence is incomplete it does ap-
pear that certain Cr** compounds, mainly water insoluble,
were involved in increased risk of lung cancer. The experi-
mental data from animals supports the view that water in-
soluble G** compounds, e.g., chromic and zinc chro-

mates, are carcinogenic, whereas the soluble forms are
not.'101 Royle,'*'1 however, has reported an increase in lung
and other cancers in chrome platers in England.

Hexavalent chromium compounds have been said to
aUo cause kidney damage in workers'"-211 where absorp-
tion through damaged skin has occurred.

The TLVs for hexavalent chromium compounds are rec-
ommended as follows:

(a) Water soluble hexavalent chromium com-
pounds (see examples noted above). A TLV of
0.05 mg/m1 as water soluble Cr** is considered
adequate to protect against irritation of the re-
spiratory tract and possible kidney and liver
damage, NIOSH in the criteria document on
chromic acid1"1 recommended that occupa-
tional exposures be controlled to prevent expo-
sures above O.OS mg/m1 TWA. In a later cr iter ia
document on hexavalent chromium1"' NIOSH
recommended a permissible exposure limit of
0.025 mg/mV

(b) Certain water insoluble hexavalent chronfTiJim
compounds (see examples noted above). A^LV
of 0.05 mg/m1 as water insoluble Cr** and in-
sertion in appendix Ala is recommended, mere
is, unfo'tunalely, little previous environmental
data from (hose exposures associated wit>Hn-
creased respiratory cancer risk. With the -data
available, however, this TLV provides an ade-
quate margin of safely. NIOSH recommended
a permissible exposure limit of 0 001 mg/m j for
certain insoluble hexavalent chrumium com-
pounds.1"1

(c) Mixed exposure to soluble and insoluble hexa-
valent chromium compounds. A TLV ot 005
mg/m1 as Cr** is recommended.

(d) Chromite ore processing
Chromate pigment manufacture
It may be advisable to list these process TLV s
both as 005 mg/m1 as Cr and include them m
appendix Ala. This TLV will serve to draw a t t e n -
tion to those processes where increased r isk ot
cancer has been associated with chromium
compounds.

Chromium Metal
Divalent chromium compounds
(see examples listed earlier)
Trivalent chromium compounds
(see examples listed earlier)

Early studies indicated that nvalenl chromium and diva-
lent chromium compounds have a low order of toxicity.u ' ( > l
Dermatitis has been reported in workers handling tnvalent
chromium compounds.'*7 i8>

Chest X-rays carried out in workers exposed to chromite
dust have been reported to show "exaggerated pulmonary
markings"'291 and Princiet dA»i have reported pulmonary
disease in workers exposed to ferrochrome alloys with
chromium levels in air of 0.27 mg/m1 reported. Other dusts
and fumes were present, however, in this plant. Exposure
to chromium metal does not give rise to pulmonary fibrosis
or pneumoconiosis.
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NAPHTHA
See, RUBBER SOLVENT

NAPHTHALENE
C,0H8
TIV, 10 ppm ( * 50 mg/m3>
STEL 15 ppm ( <w 75 mg/ni>)

Naphthalene occurs commonly as white, crystalline
flakes which have a strong coal tar odor. It has a molecular

weight of *28. 76 and j specific gravity of 1. 14$. It melts at
80.2° C, boils at 217.96° Cand has a vapor pressure at 25° C
of approximately 0.067 mm Hg. The open cup flash point is
776* *• and closed cup is 190° F. Insoluble in water, it dis-
solves in most organic solvents.

Crystalline naphthalene finds household use as a month
repellent, scientific use in scintillation counters. It is an
important raw material for the manufacture of phthalic
anhydride, naphthol, hydrongenated naphthalenes and
halogenaterl naphthalenes; it or its derivatives are em*
ployed in dyes, expla* ves, lubricants, tanning agents and
emulsion breakers,

According to Flury and ZerniM 1 ' and Palty,<*» the inhala-
tion of naphthalene vapor may cause headache, toss of ap-
petite and nausea. Optical neurit is and injuries to the cor-
nea and, in addition, kidney damage have also been
reported. Ghetli and MarianiOi reported opacities of the
lens in 8 of 21 workers who had been exposed to naphthal-
ene for about five years. Ingesiion of naphthalene in rela-
tively large amounts has reportedly caused severe hemo-
lytic anemia and hemoglobmuria.**» A hypersusceptibility,
probably genetically based, is recognized.!*)

The oral LDW for rats is 1760 mg/kg.iw It was used as an
anthelmmtic for many years at dose levels, for adults, of 0.1
to 0.5 gram three times a day,'*' several times higher than
the lowest reported lethal dose for man of 50 mg/kg» An
incident in which blankets containing naphthalene caused
acute hemolylic effects in infants,. m some cases fatal, has
been described.!8'

Patty suggested 25 ppm as a tentative limit for naphthal-
ene vapor in air. Me noted that this corresponds to a satura-
tion pressure of approximately 25% at 25Q C. This value has
been used at the Los Alamos Laboratories, according to

Hyatt and Miltigan.w Robbins,!"» however, reported that
concentrations in excess of about 15 ppm resulted notice-
able irritation of (He eyes. t—

Gerarde'"* also suggested 25 ppm as a tentativ^jimit,
noting that it represents 25% of the concentration of na-
phthalene vapor in air saturated at 25° C '

In view of the fact that irritation is experiencedt IS
ppm and that continued exposure may result in fai£y>seri-
ous eye effects, a (imit lower than 25 ppm would s^yn m
order. The value of 10 ppm TLV and IS ppm STEL are rec-
ommended to prevent ocutar effects, but possibly not
blood changes in hypersusceptibtes.

Other recommendations: West Germany, 10 ppm fast
Germany and USSR, 4 ppm.
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COAL TAR PITCH VOLATIIES
js, 8en/cfle Soluble Fraction
TIV, 0,2 mg/m». Appendix A1a — Recognized Ctrcinogen

The pitch of coa/ tar is the olack or dark brown amor-
phous res/due that remains after the rertistillation process.
The volatile* contain a Urge quantity of lower molecular
weight polycyclic hydrocarbons.*1 }t As these hydrocarbons
(naphthalene, fluorene, anthracene, acridine, phenan-
threne) sublime into the air and there is an increase of
benzo(a)pyrene {BaP or 3,4-benzpyrene) and other higher
weight polycyclic hydrocarbons in the tar and in the
fumes. Polycyclic hydrocarbons, known to be carcinogen-
ic, are of this large molecular type.

Coal tar is used as a base for coatings and paints, for
roofing and paving, and as a binder for carbon electrodes.

Doll'4* found that deaths from cancer of the lungs and
pleura of retired gas-workers is approximately twc iimes
the expected rate.

Coal tar pitch polluted air is characterized by large
amounts of phenanthrene, anthracene, pyrene and carba-
zole. Coal tar pitch contains approximately 10% polycychc
hydrocarbons, and three different samples analyzed by
Sawicfci et afn gave a concentration of 1.4% BaP alona.

Samples collected in urban and nonurban sites'461 con-
tained a range of 2.4-410 jig BaP/g of participate (38-2600
fig BaP/g of beniene fraction or 0.11-61 jig/1000 m1 of air)
in the former locations and 0.15-51 fig BaP/g of paniculate
(9.3-739 fig BaP/got benzene soluble fraction or 001- 1 9 jig
BaP/1000 m1 of air) in the latter**' during a three-month
period, January through March.

Falk et a7M(JI pointed out that the amount of BaP in the
air was greater than one would expect on the basis of com-
parative quantitative emissions of other hydrocarbons The
composition of the hydrocarbons varies with time and dis-
ta..ce, suggesting differences in stability of the com-
pounds. The authors conclude that chrvsene, 1,12-benzpe-
rylene. coronene, and BaP are stable, and phenamhrene, an
"unidentified hydrocarbon" and anthranthrene are most
readily destroyed, usually within 48 hours. Intermediate
stability is demonstrated by pyrene {58% recovery in 48
hours) and Huoranthrene (80% recovery in 48 hours).

Stability of polyoyclic hydrocarbons was also studied by
Commins and Lawther.("> They point out that the tempera-
ture applied to sinter the filter used to collect the sample
altered the apparent stability for BaP. They concluded that
the filter should never be subjected to temperatures above
100" C; no loss of 6*P was found after heating 100 fig BaP
on a sintered disc in a sealed tube at 100" C for seven
hours.

In further experiments, Kotin et a*B» painted the inter-
scapular area of C57 black mice three times weekly with
benzene extracts of nzturat smog. First tumors appeared
465 days following the initial application.

fairhall"*' stated that fumes of dust from native asphalt
do pot present a substantial health hazard in comparison
with coal tar fume or dust, citing the work of Hueper"»
and Davies.<"> Hueper<»> also pointed out that, as a rule, a
minimal time of exposure of one to five years is required to
develop occupational cancer. Similarly, occupational can-
itt

cers often develop many years after exposure to carcino-
gens has ceased. Simmers'161 concluded that the degree of
change noted in the lungs of rats breathing air contami-
nated with aromatic polycyclic hydrocarbons is dose-de-
pendent.

In its criteria document for coal tar products, NIOSH
cites papers dealing primarily with coke oven and -alumi-
num pot room workers.'171 A study of aluminum industry
pot room workers1'81 showed an increase in lung cancer
mortality. A paper on this industry in the Soviet Union as-
sociates such an increase with concentrations of tarry sub-
stances between 27 and 2130 mg/m3, while the BaP levels
were between 06 and 56|*g/m j.'w» High respiratory mortal-
ity among coke oven workers in Great Britain was report-
ed.<*» Kidney as well as lung cancer was relatively preva-
lent among American coke-oven workers exposed 5 years
or more.'1'1

Animal studies indicating that lung and kidney tumors
were caused by exposure to coal tar aerosols were also
cited.

The occupational exposure standard recommended by
NIOSH was 0.1 mg/m1 for the cyclohexane extractable
fraction.'"1 A 1977 summary, however, gives 0.2 mg/m j as
the NIOSH recommendation for coal tar pitch volatile*.'"'

In the absence of more definitive information on the
identity of the components of coal tar pitch aerosols re-
sponsible for carcinogenic effects, a TLV based on the ben-
zene (or other suitable solvent) soluble fraction appears to
be the most practical compromise. If the concentration of
aerosols from coal tar, on this basis, is maintained below
0.2 mg/m1. any increase in the incidence of lung and ol^er
tumors, due to occupational exposure, should be minimal.
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ZINC CHLORIDE
ZnClj
Fume
TLV, 1 mg/m*
STtl, 2 mg/m1

Zinc chloride may be in the form of a non-combustible,
white powder or colorless crystals. Both are deliquescent
and have a molecular weight of 136.29 and a specific gravi-
ty of 2.SO7 at 25° C, The fume of zinc chloride is white with
an acrid odor. This compound boils at 732° C and melts at
about 290° C It is soluble in water, alcohol and ether.

The chloride is the common inorganic salt of zinc, and
is used in soldering fluxes, galvanizing iron, as a wood
preserve live, in textiles, adhesives, dentrifices, deodorants,
embalming fluids, and in organic synthesis and petroleum
refining. Zinc chloride is the main ingredient of some
screening smokes.

Exposure to zinc chloride fume can cause damage to the
mucous membranes of the nasopharynx and respiratory
tract. Exposed persons have experienced a pale gray cyano-
sis. Zmt chloride is caustic and can cause ulceration of
exposed surfaces of the skin.* ') Inhalation may produce a
severe pneumonitis resulting from irritation of the respira-
tory tract.'"

HunterOi reported 10 deaths and 2S cases of non-fatal
injury among 70 persons in a tunnel when 79 smoke gener-
ators caught fire in a storage area. Most of the patients
began to recover on the tenth day and were up and about
six weeks after lh> incident. In two necropsies performed
on the fatal cases, membranes lining the larynx, trachea
and bronchi were red and edematous, with spots of necro-

sis. Milliken and associates*4' reported a case of fatal, acute
interstitial fibrosis from inhaling ZnClj smoke from a
smoke generator. In 18 days the patient developed ad-
vanced pulmonary fibrosis, acute cor pulmonale and right
ventricular hypertrophy, and ultimately died from acute re-
spiratory insufficiency.

Hardy'5' comments that zinc chloride is caustic and be-
cause of the way it is used in industry causes (rouble dis
proportionate to its harmful nature. She cites references
suggesting that zinc compounds may have chronic effects.
Ferry,*6' in investigating a borderline condition, found that
levels between 0.07 and 0.4 mg/mj of zinc chloride fume
for 30 minutes did not result in sensory effects, but vvas
corrosive to metals.

To prevent respiratory irritation and other effect*^ TLV
of 1 mg/m> and a STEL of 2 mg/nr1 are recommended.

Although insoluble zinc compounds such as the oxide
and stearate (q.v.) appear less hazardous, there tfe not
enough data to categorize the relative hazards front-other
so'uble zinc salts, such as the nitrate and sulfate. /--^

The Swedish limit (1978) for ZnCh is also 1 mg/m>
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ZINC CHROMATES
ZnCrQ,; ZnCr^O^; ZnCr:O7

TLV, 0.05 mg/m3, *f Cr, Appendix A2 — Suspected
Carcinogen

The basic zinc chromate is yellow in color and exists in
prism form; molecular weight 181.36, specific gravity 3.40.
ZnOjQi has a molecular weight of 233.36 and a specific
gravity of 5.30 at 15* C, and its cubes are dark green to
black in color. The dichromati is an orange powder with a
molecular weight of 281.35. All are soluble in acids, but
sparingly soluble in water.

Although finding some use as colors, they are primarily
employed in priming paints for metals, for which they pro-
vide resistance against corrosion. The pigment zinc yellow
is potassium zinc chromate.

Because of their very slight solubility in water, zinc
chromate is considered more likely to produce cancer of

the respiratory passages, when inhaled, than are the
soluble chromates. While an increased incidence oi lung
cancer has reported among groupe of pigment workers ex-
posed to chromates,''' including zinc chromale,'2' a class if i-
cation of suspected, rather than actual human carcinogen
seems appropriate at ihis time.

The TLV of 0.05 mg Cr/m>, the same as that of lead chro-
mate, is retained for the present. A review would be m
order, however, if the limit for the insoluble chromal.es was
reduced.

For additional information, see the documentation for
chromium and its compounds in this book.
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ZINC OXIDE
ZnO
fume

'I

t 5 img/m*
STEL, 1& mg/m*

Zinc, a metallic element with atomic number 30, atomic
weight 65-38, is in Croup 118 of the periodic table. It has a
specific gravity of of 7. 14, 3 melting point of 419° C and a
boiling point of 907° C. When heated in air to tempera-
tures approaching its boiling point, it volatilizes and imme-
diately cuddizes to make a white fume of zinc oxide. The
oxide of zinc is a white or yellowish-white, non-flammable
powder, which sublimes under normal pressure. The mo-
lecular vtvight is 81.33, specific gravity is 5.47 and melting
point is t975° C. It is insoluble in water, but dissolves read-
ily in acids or alkalies.

The major uses of metallic zinc include galvanizing of
iron and other metals, electroplating, and in dry cells and
other electrical equipment. It is an important component
of brass, bronze, die casting metal and other alloys. Zinc
oxide itself is widely used in pigments, rubber, cosmetics
and ointments, and electronic devices.

According to Fairhall,*11 the toxicity of zinc compounds
by mouth is low. Metal furrk fever (zinc chills, brass
founder's ague, etc.) may result from the inhalation of zinc
oxide fume. The symptoms include fever, chills, muscular
pain, nausea and vomiting, however complete recovery oc-
curs in 2-* to 48 hours. The same effects are produced by
the fumes of some other metals, and according to Turner
and Thompson*" can also result from breathing finely di-
vided zinc oxide dust.

Most authorities agree that metal fume fever itself is a
relatively innocuous condition. It has been described as
temporary and never serious,"* of brief duration and with-
out after-effects,'4' never fatal,*" without medical evidence
of chronic effects'*' and an annoyance.*7' Hamilton* stated
that the weight of evidence was against the existence of
chronic industrial zinc poisoning, although a number of
reports to the contrary are in the older literature.

Drinker and Fairhall/9) however, considered that the
symptoms described as chronic industrial zinc poisoning
were due to contamination by other substances. Hegsted
et a/"i reviewed the literature of metal fume fever and in-
jury from powders and dusts (of zinc) and concluded that
there was evidence that severe exposure to zinc might give
rise to gastritis, with vomiting, due to the swallowing of the
dust of zinc compounds. Hamdi'10* reported that workers
in a brass foundry had more gastric symptoms than con-
trols.

The medical studies of metal fume fever due to zinc
contain little information of direct bearing on the thresh-
old limit. Turner and Thompson!*) described the effects of
exposure of guinea pigs to zinc oxide fume. Exposures of
an hour to concentration of ZnO given as 1000 to 2600
mg/mJ resulted in an initial drop in body temperature of
0.5 to 2° C followed 6 to 18 hours later by a rise to 0.5 to
1° C above normal. Animals exposed at a concentration up
to 2500 mg/m* for three to four hours died during or imme-
diately after exposure.
446

Drinker and co-workers'"> concluded that metal fume
fever would not result from concentrations of zinc oxide
below 15 mg/m*, and this concentration was the recom-
mended threshold limit for a number of years. The more
recent experience of several observers has been that con-
centrations of zinc fume rarely exceed 15 mg/m1 in non-
ferrous foundries, but that, nevertheless, zinc chills fre-
quently occur in such establishments"2 "> and have been
reported from concentrations below 5 mg/mM16-17*

Hammond,'18' however, reported that workers engaged
in pouring molten zinc, and exposed to ZnO fumes in con-
centrations of 8 to 12 mg of zinc per cubic meter of air,
were never recorded as suffering metal fume fever. Other
men used oxy-acetylene torches to cut out zinc bound lin-
ings of stonecrushers, and were exposed for one to three
hours at concentrations between 320 and 530 mg of zinc
fumes per cubic meter of air. These workers experienced
nausea on the job, and chills, shortness of breath and se-
vere chest pains two to twelve hours later The average
period of disablement was four days. Some attacks were
followed by pneumonia.

Pegues<"> reported concentrations between 12 and 183
mg of ZnO/m* in the welding of galvanized and zinc sili-
cate coated steel. There were lesser exposures to iron and
lead oxides. No mention is made of symptoms among the
welders.

Vallee'w> gave the normal human intake of zinc in food
as 10 to 15 mg per day, and the average urinary excretion as
0.3 to 0.4 mg per 24 hours. Hamdit'o) reported 24-hour ex-
cretions of 0.4 to 0.6 mg among workers who suffered mild
gastric symptoms (but not chills) attributed to zinc. Con-
centrations of 0.6 to 0.7 mg/liter have been found in (he
urines of workers exposed to zinc oxide fume in concen-
trations between 3 and 5 mg/m1.'11*

Beeckmans and 6rown<»> reported that the inhalation
toxicity of catalytically active zinc oxide dust was markedly
increased by ultraviolet radiation.

In its criteria document for zinc oxide, NIOSH recom-
mended retention of the 5 mg/m1 limit as a workplace en-
vironmental standard, and that the same value be used for
zinc oxide dust.'2*1 While dismissing Ihe reports of metal
fume fever from concentrations of the order of 5 mg/mj as
unsupported by firm data, it considered that the possibility
of chronic respiratory effects from either fume or dust
could not be dismissed.

It is recommended that the T|_V of 5 mg/m* be retained.
It is believed that if concentrations are kept below this
level, the incidence of metal fume fever will be low and
any attacks which may occur will be mild. The Committee
suggests 10 mg/nV as a STEL.

Other recommendations: Cook (1945), Smyth (1956) and
Elkins (1959) IS (tig/m*; USSR (1967), Czechoslovakia
(1969), Cast Germany (1973), West Germany (1974) and
Sweden (1975) 5 mg/m».
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ANTU
atpha-feiphthyl-thiourea
Ct,H10V$
Skin
TIV, OJ mg/mj

STEl, 0.9 mg/in3

ANTU is an odor/ess gray powder. Its molecular weight
is 202.2? and the melting point is 198° C with decomposi-
tion occurmg upon boiling. Insoluble in wafer and only
very slightly soluble in most organic solvents.

The principle use of ANTU is as an rodentiade.
McOosky et a*'1 reported that the acute oral toxicity of

ANTU varies greatly among different species, rats and dogs
being the most susceptible (LDso, 30-50 mg/kg) and rabbits
the leas! (1000 mg/kg). Later studies showed an acute oral
LD« for monkeys of 4,250 mg/kg. The acute loxicity of
ANTU for man is believed to lie somewhere between these
extremes A dietary level of 50 ppm for two years {approxi-
mately 2-5 mg/kg per day, equivalent to 170 mg/man/dav)
produced tissue damage in rats.UI

Evaluation of the toxicity data for a threshold limit rec-
ommendation is further complicated by (he cumulative ac-
tion of ANTU on the endocrine systems (thyroids and adre-
nals) leading to hypolhyroidism upon repeated exposure,
whereas a tolerance to certain of the acute effects of ANTU
(pulmonary effusion) likewise occurs. 1 1 1

A case of contact eczema due to handling a rat poison
coniaming ANTU as a base has been reported. 1* 1 Tests per-

NHCSNHj

formed on workers handling thiourea products showed
ready penetration through the skin, leading to destructive
changes in the thyroid gtends.*51

ANTU has been implicated16' as a causative agent in oc-
cupational bladder tumors because of its content of beta
naphthylamine as an impurity in alpha naphthylamine from
which ANTU is made. At the TLV of 0.3 mg/m j it is be-
lieved that the amount of beta naphthylamine exposure
would pose no carcinogenic risk provided skin contact 1$
avoided. Other adverse effects of ANFU are believed to be
protected against by the recommended TLV and the STEt
Of 0.9 mg/m'.

References:
1. McCloiky, W.I., Smith, M.I., lillie, R.D.: Pub. Health Reports

6O1101 (1945).
•L lehman, AJ.: Q- Bull. Assn. Food Drug Off. US. J6:47 (1952).
3. Fjirchitd, E.|. U.: Personal communication to TLV Committee

member (luly 1959).
4. Uubstein, HJ Berytsdermatosen. IO154 (1962)
5. Koiovj, L.V.: Gig I Sanil., 35:31 (1970).
6. C*se, R.AJW.: Ann Roy. Coll. Surg. fng. 39(4).2K (1966)

LPi

in

°

ARSENIC AND COMPOUNDS
As
Soluble Compounds. <»s As
TIV, 0.2 mg/m3

Arsenic, an element with atomic number 33, atomic
weight 74.92, is >n Group VA of the periodic table. The
most common form of the element is a gray brittle crystal-
line solid with a specific gravity of 5,72, which sublimes at
673° C. It also exists in amorphous forms: black, specific
gravity of 4.7 and yellow, specific gravity ol 2.0. which >s
relatively volatile. Yellow arsenic is soluble in carbon dtsul-
fide; the other forms are insoluble in water or solvents, but
dissolved by oxidizing adds.

Elemental or metallic arsenic is employed as an alloying
agent tor heavy metals, in special solders, and as a doping
agent m silicon and germanium solid state products.

In addition to arsenic compounds discussed separately
(AsiOj, AsHj and lead arsenate, q.v.) many others find
commercial application. The arsenites are important herbi-
cides, calcium and other arse nates are insecticides; suifides
are pigments, rodenticides and used in pyrotechnics; galli-
um arsenide is in semiconductors; arsenic trichloride, a liq-
uid with a boiling point of 130.5 C, is employed in chemi-

cal synthesis; the gaseous tr i- and pentafluortdes
apparently have no important commercial uses. Many or-
ganic arsenic compounds, however, have been employed
in medicine, or as war gases.

As with other metallic poisons, the loxicities, especially
/ the acute toxicities, of arsenic compounds are related to

their solubility m water Thus most arsenates and arseniies
are acute poisons, while the suifides are probably less toxic
in an acute sense, but may be equally hazardous, on pro-
longed exposure. Elemental arsenic is also less acutely toxic
than its oxides, except for the rare yellow arsenic which is
highly toxic, possibly similar to yellow phosphorus in some
of its properties.

Systemic arsenic poisoning is rarely seen in industry,
and still more rarely is it severe in character. According to
Hardy,01 it is hard to explain the difference between indus-
trial and nonindustrial arsenic poisoning, but such varia-
tion is recorded in all industrialized countries. The usual
effects on workers are local, on skin and mucous mem-
branes, etc. A hoarse voice is characteristic of an arsenic
worker, and a perforated nasal septum is a common result
of prolonged inhalation of white arsenic dust or fume. A
few documented cases of cirrhosis of the liver, however,
due to occupational exposure to arsenic, have been rec-
orded.'11

Although the epidemiologic evidence is not complete,
arsenic is considered by some to be a carcinogen, certainly
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of the skin, and perhaps of the bronchi.'2-1' Cancers from
exposure to arsenic have followed: 1} the internal use of
Fowler's Solution, an aromatic solution of potassium arsen-
ite,"1 2) inhalation and skin contact with sheep-dust, a mix-
ture of sodium arsenite and sulfur;*5' 3) the combined inha-
lation of AsiOj, SOi and .other particulates from the
smelting of ores containing arsenic (see documentation,
arsenic trioxide production). Experimental cancers in ani-
mals have not been produced from AsjOj despite several
attempts'6'81 and the conclusion of Vallee ef a/'8' was that
"it is improbable that arsenic (per se) plays asignificant role
in the generation of cancer." The belief that other occupa-
tional factors are necessary for the development of cancer,
in addition to arsenic exposure, has been expressed by
others.^

A search of the world literature reveals no reports of
industrial or experimental exposures solely to arsenic com-
pounds which contain both environmental and toxicologi-
cal criteria from which a TLV can be unequivocally based.
Watrous and McCaughey'10' found concentrations of ar-
senic in a pharmaceutical plant averaging aboutO 2 mg/m,*,
with no definite evidence of inloxicalion. Pinto and McGill
studied a group of smelter employees and found an aver-
age urinary arsenic excretion of 0.8 mg/U1" The chief
manifestation of toxic exposure was dermatitis, with perfo-
ration of the nasal septum, pharyngitis and conjunctivitis
noted iess frequently. A reasonable interpretation of the
urinary arsenic levels would indicate an average exposure
of about 0.2 mg/mj of arsenic in air. Since individual con-
centrations as high as 4 mg/l of urine were found, it is
probable tbat many workers were exposed at higher con-
centrations.

In its criteria document for inorganic arsenic, MIOSH in
19731'Ji recommended 0.05 mg As/m* (as a TWA) as a
workplate_dir,stand_ard. This was changed in 1975 to 0002
mg/m1 as a 15 minule ceiling.

The first limit was based primarily on reports of cancer
among workers exposed to arsenic, as well as non-occupa-
nonal cancer resulting from arsenic medications. The only
pertinent environmental data cited not already noted con-
sist of an average concentration of 056 mg/m1 computed
from the paper by Perry ef d/ 1 ' 1 1 on an English sheep dtp
factory study, and a study by Lee and Fraumerii*1*1 in a
smelting plant. Concentrations of 1 .47 , 1 . 56 and 1 .50 mg/m 1

were reported in "medium and high exposure areas" and
0.65, 0.17 and 0.002 mg/m' in "light exposure areas' In
both plants an increased incidence of cancer was reported-
ly found.

The Committee is no; aware of any published explana-
tion of the reasons for the reduction of the NlOSH 1973
recommendation of a TWA of 0.05 mg/m j as a standard, to
a ceiling of 0-002 mg/m j in 1975.

Normal values of arsenic in urine, as recorded in the
literature, vary from 0.013 to 0.046 mg/L,' 1 ' (o 0.13,"" to

0.25.ns> The urinary excretion, in mg/liter, of elements that
are freely eliminated by this route, such as fluorine, mercu-
ry and arsenic, is at most 2.5 to 5 times the occupational
exposure in mg/cubic meter of air.<16> II is apparent that
biological monitoring for arsenic by urinalvsis would be of
limited value in determining whether or not the NlOSH
recommended standard was being met or exceeded.

According to the 1977 compilation of occupational ex-
posure limits of the International Labour Office, the fol-
lowing countries had adopted the previous TLV of 0.5
mg/m1: Australia, Finland, Japan, Holland, Switzerland and
Yugoslavia. Czechoslovakia, 6ast Germany, Hungary and
Poland specified the USSR MAC of 0.3 mg/m»; Romania 0.2
and Sweden 0.05 mg/m1. Only three of 18 countries (West
Germany, Italy and Sweden) designated arsenic and com-
pounds as carcinogens, although Belgium and the Nether-
lands so characterized arsenic trioxide.

It is possible that some arsenic compounds, the trichlo-
ride for example, might produce certain toxic effects at
concentrations below 0.2 mg/mj of arsenic. Data to sub-
stantiate this speculation are lacking. The contrannrftua-
tion, that some compounds, or the metal itself, are <NQom-
cally less toxic than AsjOj, the form for which moslfiVor-
mation is available, seems more probable in the lî ht of
present knowledge. Therefore, a TLV of 0.2 mg As/m3 for
soluble compounds of arsenic is recommended. ^

O
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quired an 8-hour exposure at about 6000 ppm (35° C) to kill
four of six rats. Signs of gross overexposure were varying
degrees of ataxia, prostration, and respiratory distress fol-
lowed by narcosis. Those that survived appeared to recover
without significant signs of exposure.01

Shell Chemical Corporation'1 > presents the following
observations in respect to sensory responses reported by
unconditioned personnel during or following 5-minute ex-
posures to the vapor:

Threshold, odor 6 ppm
50% Threshold, eye irritation 50 ppm
50% Threshold, nose irritation 50 ppm

No incidents of illness caused by industrial handling of
EAK have been reported. Workers may complain of odor

and transient eye irritation when handled in poorly venti-
lated areas when the concentration exceeds 25 ppm, but
experience shows that transient responses do not lead tosignificant systemic effects.'1'

Accordingly, the TLV of 25 ppm is recommended as a
comfort level for unconditioned workers.">

Reference*!
1. Industrial Hygiene Bulletin SC5/.59, Shell Chemical Corpora-

tion, NV (March 1958).
2. Communication from O-M. Banks, Ind. Hygienist, Shell Chemi-

cal Corporation. {May iO, 1%5).

ETHYl BENZENE
Phenytethytene
C8H10

TLV, 100 ppm < as 435 mg/m])
STEl, 12S ppm < ss 545 mg/m')

£thyl benzene is a colorless, flammable liquid with an
aromatic odor. It has a molecular weight of 106.16, a specif-
ic gravity of 0.86258 at 25° C and a vapor pressure of 7.1
mm Hg at 20° C. The vapor density is 3.7 times that of air.
"Saturated" Air with the vapor at 26° C and 760 mm is
1.32%. It boils at 136.2*C and freezes at ~9S01°C The
closed cup flash point is 6ja F, autoignition temperature is
810° F and is a fire risk'11 Ethyl benzene is only slightly
soluble in water at 15° C (14 mg/1QOmL), but <-, miscible
with alcohol and ether.

This compound is employed as a solvent and as an inter-
mediate in the production of styrene.

Ethyl benzene toxic ity 'S characterized tay Ms irmancy to
the skin, and less markedly, to the mucous membranes.
Repealed application of the liquid to the skin of rabb i t s
causes reddening and some exfoliation and blistering.")
Oettel 1 1 1 characterized ethyl benzene as the most severe
irritant of the benzene series.

On the eyes and nose, the vapor at 5000 ppm causes
intolerable irritation; at 2000 ppm, eye irritation and lacri-
malion are immediate and severe, and are accompanied by
moderate nasal irritation, decreasing somewhat m several
minutes; at 1000 ppm, irritation and tearing, but tolerance
develops rapidly; and at 200 ppm, the vapor has a transient
irritant on human eyes.*"

Like benzene, its acute toxicity is low; the dose fatal to
guinea pigs in a few minutes was 10,000 ppm14' and 5000
ppm dangerous to life in 30 to 60 minutes; animals dying

CH,CH

from exposure had intense congestion and edema of the
lungs, and generalized visceral hyperemia. The narcotic
dose for animals was 10,000 ppm, reached in 18 minutes,
preceded by vertigo, unsteadiness and aiaxia.

Chronic inhalalion exposure of guinea pigs, monkeys,
rabbns and rats at concentrations from 400 ppm to 2,200
ppm, seven to eight hours/day, five days/week for as long
as six months, produced no effects in all species except (he
rat, which showed a slight increase in the weights of the
kidneys and livers, on the average, (or those exposed at 400
ppm lor 186 ddvs. The investigators concluded that 400
ppm was the beginning effect level for chronic '^halation
of the vapor l * ' 1

ti is apparent that , as no svsiemic etlecls can be expect-
ed at levels producing dist inct ly disagreeable skin and eye
i rr i tat ion, the HV must be based on the latter effects . For
Ihe prevention ol disagrei-dble i rr i ta t ion , a TLV of 100 ppm
and a STEL of US ppm are recommended.

Other recommendations: Czechoslovakia (1976) 45
pom, Poland ( 1975) 25 ppm
References:
1. Geurde, H.W.: Industrial Hygiene & Toxicology, 2nd ed. Vol

II, p 1231 . (nter-science, NY 0%3).
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METHYLENE CHLORIDE
CAS 75-09-2
Dichlorome thane
CHjClj
TIV, 100 ppm < * 360 mg/m»)
STEl, 500 ppm ( * 1700 mg/m')

Methytene chloride is a colorless, volatile liquid. Its mo-
lecular weight is 64.9; specific gravity 1.33 at 20°/4° C;
boiling point 40° C at 760 torr; and the melting point
-96.7° C. Because of its high vapor pressure (-HO torr at
25* Q, substantial vapor concentrations p;e readily
achieved. It is not flammable by standard tests in air, b;;f
ivitf burn under extreme conditions. Completely misdble
with most organic solvents, methylene chloride is soluble
in water only 1% by weight,

Methylene chloride is widely used in paint removers, 3s
a solvent for plastics, as a degreasing agent, in propellant
mixtures for aerosol sprays, and as a blowing agent in
foams. The odor, although distinctive, is not a good indica-
tion of exposure since concentrations of 100 ppm report-
edly are not easily perceptible to most people. Above 300
ppm most persons detect the odor.

Liquid methylene chloride is painful and irritat ing if
splashed in the eyes or if confined on the skin by gloves,
clothing, or paint remover formulations. A burn can result
if it is not prompily removed from the eyes and skin. The
acute oral LDW for rats is about 2000 mg/kg.

According to Lehmann and flury,"' slight narcosis oc-
curs at 4000 to 6100 ppm in several species of animals. The
fatal concentration for seven hours' exposure is about
15,000 ppm. ( 'J ) Ratsexposed 75 days (8 hours a day) at 1300
ppm showed slight liver changes which were not found at
50 days.i'i Cats exposed four to eight days at 7200 ppm tor
Jour weeks were found to have kidney and liver changes
Heppel and associates*4* found that daily seven-hour e >po-
sures at 5000 ppm for six months hdd no discernible effect
on dogs and rabbits, and onty reduction in me rate oi
growth of guinea pigs. At 10,000 ppm, four hours ?> dav, for
seven and one-half weeks, dogs and guinea pigs, but not
monkeys, rabbits or tats developed liver injury

High exposures produced tumors m animals, but the in-
vestigators concluded CH^Gi is not likely to be a carcino-
gen under reasonable use conditions. Nearly 2000 male and
female rats and hamsters were exposed by inhalation to 0,
500, 1500, or 3500 pp*n of methylene chloride vapors six
hours/day, five days/week for up to two years.* 1 ' The liver
was the primary target organ in rats with slight exposure-
related effects in both sexes ai 500,1500, or 3500 ppm. Liver
effects included increased hepatocellular vacuolizalion
{consistent with fatty change) in both sexes at 500,1500, or
3500 ppm, increased mullinucleated hepatocyles in the
central lobular region in females exposed to 500, 1500, or
3500 ppm and increased foci and areas of altered hepato-
cytes in females exposed to 3500 ppm. Liver effects first
appeared after 12 months of exposure, progressed slightly
from 12 to 18 months, but were unchanged in severity
thereafter, There was no increase in hepatocetlular carci-
nomas. A primary target organ was not found in hamsters
of either sex. The only effects observed at all levels were

primarily the result of decreased amount of amyloid (a nat-
urally occurring geriatric disease). The number of female
rats with a benign tumor did not increase in the exposed
versus (he control animals, but the total number of benign
mammary tumors was increased at the 500, 1500, or 3500
ppm levels. The effect was observed to a lessor extent in
male rats, and was only apparent in the 1500 and 3500 ppm
groups. This effect was not present in the hamsters of
either sex. There was no increase in malignant mammary
tumors in any group exposed to methytene chloride. Male
rats exposed to 1500 or 3500 ppm appeared to have an in-
creased number of sarcomas (malignant mesenchymal tu-
mors) in the ventral neck region in or around the salivary
glands. There were 1 ,0, 5, and 11 sarcomas in the 124 male
rats per group exposed to 0, 500, 1500, or 3500 ppm, re-
spectively. The increase at the high dose was statistically
significant. No increase was observed in these tumors in
the female rats or either sex of hamsters.

Melhylene chloride caused increased reversions m an
Ames m wtromutagentic screen with Salmonella typhimu-
rim, but activity was only slightly increased by addit ion of
rat tiver homogenate. There was no increase in cytoasnic
aberrations in the bone marrow cells of rats repeated lvex-
posed for six months to 500,1500, or 3500 ppm m the^fe-
ttme study. |Sl LT\

No teratogenic effects have been observed1*1' in jjreg-
nant rats exposed to 4500 ppm during critical periodiof
gestation. These results confirmed those found in a previ-
ous sludy<7> earned out at 1250 ppm on pregnant ratCShd
mice.

The metabolism of methylene chloride to carbon mon-
oxide and the subsequent production of carboxyhernoglo-
bin has been studied in animals and man. In the rat , metab-
olism appears to be saturable with disproportmately ley,
carboxyhemoglohm formed and more unchanged methy-
Ipne chlonde expired as exposure increased.161

Moskowitz and Shapiro'**' reported four cases o( poison-
ing with one latahly, apparently due to narcotic action
Col l i er""" reported two cases of poisoning in painters who
suffered from headache, giddiness, stupor, i rn iab iht\ .
numbness, and tingling in the limbs. Ku/elova and Ma-
s- jk '" 1 noted complaints ol headache, fatigue, and irntahun
oi ihe eye* and respiratory passages by workers exposed at
continuations up to 5000 ppm Neurasthenic disorders
were lound m 50°n, and digestive disturbances m J0°o of
the persons exposed. Three acute poisonings, one invok-
ing loss oi consciousness, were recorded without serious
alter effec t s . Generally, there has been complete recovery
if exposure is terminated before anesthetic death occurs

Weiss 1 '- ' stated that a chemist afier a year's exposure
developed toxic encephalosis with acoustical and opiic.il
delusions and hal lucinat ions. Concentations frequently ex-
ceeded 500 ppm; values of 660 ppm, 800 ppm, and near the
floor, 1600 ppm were noted.

Golubovski and Kamchatnova'" 1 found liver disease m
workers exposed to methylene chloride and methanol
which they attributed to the former. Exposure concentra-
tions were not reported.

In the early 1940's, methylene chloride was considered
the least toxic of (he chlorinated hydrocarbon solvents
when a safe industrial air limit of 500 ppm was proposed by
Heppel et a//4' and later adopted by the TLV Committee as
protective enough to prevent any significant narcotic et-
fects or liver injury. 276(81)
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Subsequently, Stewart e( aAu> reported that significant
quantities of carbon monoxide and carboxyhemoglobin
(COHb) were produced in humans receiving single expo-
sures at SQO-1000 ppm of melhylene chloride. The COHb
concentrations reported by Stewart approximated those
considered objectionable if due to inhalation of carbon
monoxide.

More extensive examination of CO production from
methytene chloride was later reported by the same investi-
gators.'1*1 Human volunteers exposed lo melhylene chlo-
ride at 1000 ppm for two hours (2000 ppm-hours, one-half
of the Ct permitted for an 8-hour exposure at 500 ppm)
resulted in COHb levels in excess of those permitted in
industry from exposure to CO alone,

This finding of the body's capacity to metabolize me-
thylene chloride to CO was confirmed by Ratney e( af"*1 in
a small group of workers exposed to 180 to 200 ppm methy-
lene chloride. Such daily, repeated exposures resulted in
equilibrium blood concentrations of COHb of 9% that de-
creased to half that value by next day's start of work, indi-
cating a possible secondary source of carbon monoxide
such as auto exhaust or smoking. The differential incre-
ment m percent COHb of 4.5% from a day's exposure a( 180
to 200 ppm of methylene chloride is approximately the
same as that developed from a daily exposure to CO ai iis
TLV of 50 ppm.

DiVincenzoi"' found that humans exposed to 100 ppm
methylene chloride for 8 hours had a COHb value of 3.22%
± 0.22%, whereas an 8-hour exposure at 150 ppm pro-
duced 5.39% ± 0.06% level and an 8-hour exposure at 200
ppm resulted in COHb level of 6.8% ± 0.65%.

In an extensive study several healthy adults of both sex-
es were exposed from 2-10 limes to methylene chloride
vapor concentrations of 0, 50, 100, 250, or 500 ppm for pe-
riods of 2, 3, and 7.5 hours in a controlled environment
chamber. Those studies were designed to stimulate the
type o* exposure encountered in the industrial setting and
consisted of both steady and fluctuating vapor concentra-
tions. Exposure resulted in a prompt elevation of COHb
The elevation persisted longer than COHb trom CO alone
Since metabolism of the absorbed methylene chloride con-
tinued after exposure ceased. This solvent-induced COHh
is apparently added to the body burden of carbon monox-
ide derived from other sources.

This study corroborated previous single exposure stud-
ies in that no deleterious effects upon the health or perfor-
mance of healthy adults could be detected when they
were repeatedly exposed to 250 ppm or less for 7.* hours
per day, five days per week for two weeks, or in ihp case of
the male subjects, to 500 ppm on two consecutive days.' 1"'
Among the parameters studied were complete blood
count, clinical chemistry (SMA 12), EKG, serum uiglycer-
ides, blood pressure, subjective signs and symptoms, unna-
lysis (Combistix*) urinary urobilinogen, neurological IPSIS.
EEC. visual evoked response, pulmonary function and cogi-
native, altertness, time estimation, coordination, arithme-
tic, and inspection tests.

The increase in COHb was related to the magnitude of
the vapor exposure. Both duration of exposure and vapor
concentration were factors. Seven and one-half hour expo-
sures to concentrations of 100 ppm for 5 days resulted in
COHb elevation of about 5% in nonsmokers. The odor was
277(»1)

not objectionable at 250 ppm and many subjects could not
detect it at 50 or 100 ppm.

A retrospective mortality study'1'* of a mothylene chlo-
ride exposed population in the manufacture of film
showed no solvent related increase in death due to any
specific causes. Over 30% of the exposed population had
worked a minimum o( 20 years by 1964. In addition to close
health follow-up of all methylene chloride exposed per-
sons from that lime one, the long.term segment of the
population represented occupational exposures of over 30
years ranging from 30-125 ppm time-weighted averages. Al-
leged effects on the heart are not subslantiated by this
study since circulatory disease deaths were significantly
less among exposed employees than expected for the gen-
eral stale population and comparable to other employees
in the same location who were not exposed to methylene
chloride. There was no indication of solvent-related carci-
nogcntcity.

Combined CO and (he CH^Gj exposures yield additive
increases in the COHb levels with rats. Appropriate equa-
tion for mixtures should be used to determine if the mixed
exposure to CHjClj and CO is acccepatable.

A time-weighted average TLV of 100 ppm is recom-
mended for melhylene chloride in the absence of occupa-
tional exposure to carbon monoxide. In view of the long
history of use of methylene chloride without documenta-
tion of health related injuries using Ihe TLV guidelines, a
100 ppm eight-hour time-weighted average exposure
should not pose a problem to this occupational work force.

A STEL of 500 ppm is recommended since neither unde-
sirable CNS responses nor excessive carboxyhemoglobin
values are expected with such short-term exposures to me-
lhylene chloride. | 1HL ' "J l ' Concurrent exposure lo other
source of carbon monoxide or physical activity will require
asessment of the overall exposure and adju' nenl for the
combined eftec i for both the TWA and STEL .

Other recommendations: MOSH (1976) 75 ppm; West
Germany ( 1M79) and Elkms (1959) 200 ppm, ANSI (1%9) SOO
ppm, USSK ( 1970) 15 ppn\ {ast Germany ( 1971) , Romania
( 1975 ) , Yugoslavia ( 197 1 ) . and Chechoslovakia (1976) 140
ppm. S\\cden ( 1974) 100 ppm
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SECTION 1

INTRODUCTION TO THE ORGANIC VAPOR ANALYZER

1 . 1 PERSONNEL
Th« following discussion is intended for personnel having prior ex-

perience wich gas chromatography and specifically trained in the use of
the Century Systems (Foxboro) Model OVA-128 Organic Vapor Analyzer (here-
after referred to as "OVA"). It is Field Investigation Team (FIT) Pro-
ject policy that personnel noc trained in the use of the OVA will not be
permitted to operate the equipment. (See FIT Project Communique, Field
Operations No. 1, 22 January 1982 , for a listing of currently certif ied
Ecology and Environment (E 4 E) personnel.)

1 .2 THEORY.OF OPERATION
1 . 2 . 1 General

The OVA is designed to detect , measure, characterize, and identify
organic gases and vapors found in the ambient air. Its application is
broad, since it has a chemically resistant sampling system and it can be
cal ibrated to quantitat ively respond to many different organic compounds.
It is extremely sensit ive, and in the "survey mode" it provides an accur-
ate indication of organic gas and vapor concentrat ions in three ranges:
0 co 10 ppm, 0 to 100 ppm, and 0 to 1000 ppm. While designed as a light-
weight : , portable instrument, it can be readily adapted to remote ronicor-
ing appl icat ions . In addition, the OVA can function as a gas chromato-
graph ("GC mode") and can thus be used to characterize and identify or-
ganic mater ia l .

1 . 2 . 2 Flame lonization Detector (FID)
The OVA uses the principle of hydrogen flame ionizacion for the de-

tect ion and measurement of organic compounds. The FID system consists of
a diffusion flame of pure hydrogen and air which is free of ions and
therefore non-conducting. When a sample of organic material is intro-
duced into the flame, ions are formed, causing the flame to become con-
duct ive. The flame's conductivity is related to many factors, including
the number of carbon atoms present and the efficiency of combust ion, and

COinK—
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is proportional to the number of positively charged carbon atoms gener-
ated during combustion. This conductivity is measured by collecting the
positively charged ions on a negative electrode. As the ions are col-
lected, a current is generated and measured with a linear electrometer
preampl if ier . The output of the preamplifier is amplified and applied to
a meter or an external recorder, which gives a visual indication of the
total concentration of hydrocarbon :peciea.

In a typical laboratory FID, the sample is entirely mixed with hy-
drogen prior to introduction to the burner. This premixing does not
occur in the OVA, but rather the sample and combustion air are introduced
into the burner through « porous bronze filter which disperses the sample
and combustion air around the hydrogen flame. This method of sample in- _
troduction modifies the typical ion formation process, and as a result, 00
the OVA responds differently than a laboratory FID. One hypothesis is LH
that the size of the reaction envelope and the enetgy available from the <r~"
hydrogen are altered, allowing less contact time and reducing the number \^J

of ions formed. In a laboratory FID, for example, propane (CjHg)
would have a response three times that of methane (CH^). In the OVA,
however, propane has a response approximately two-thirds that of methane.
In general, the OVA has a response for nearly all common hydrocarbons of
between 502 and 250? of the response of methane. The response of the OVA
to all c lasses of organic molecules is reproducib le . For routine opera-
t ion, the OVA is cal ibrated to methane (Cn^) . table 1-1 l ists the re-
sponses to several common organic compounds. The OVA has negligible re-
sponses to carbon monoxide, carbon dioxide, nitrogen, helium, e t c . , as
well as any molecule which, due to its structure, does not produce ions
in the detector flame.

1 . 2 . 3 Survey Mode
In the survey mode, the OVA is a total hydrocarbon analyzer and

monitors the total amount of ambient organic gases and vapors. It pro-
vides a continuous, direct readout of their concentrat ions expressed as
methane equivalent or as the equivalent concentration of any organic com-
pound used to calibrate the instrument (FIT Project OVA's are calibrated
to methane). A continuous sample is drawn into the instrument through
the probe and sample loop and U transmitted Co the detector chamber by

1-2
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TABLE l-l
RESPONSE OF THE OVA TO SEVERAL COMMON ORGANIC COMPOUNDS

Compound
Relat ive Response

CH4 - 100
Hydrocarbons

Methane
Propane
N-butane
N-pentanc
Ethylene
Acetylene
Benzene
Toluene
Ethane

Ketones
Acetone
Methyl ethyl ketone
Methyl isobutyl ketone

Alcohols
Methyl alcohol
Eth«l alcohol
Isopropyl alcohol

Haloaen Comoounds
Carbon tetrachlor ide
Chloroform
Trichloroethylene
Vinyl chloride

100 (reference)
64
61

100
85

200
150
120

90

60
80

100

15
25
65

10
65
70
35

COin
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llIfII means of an internal pumping systen. The output of the detector is inai-
cated on the meter display, which is an integral part of the Probe/Read-
ouc Assembly. The scale of the meter reads directly in parts of organic
contaninanc per million parts of air (ppm), modified by the range switch
on the instrument body,

Note that in the absence of a suitable analytical standard, the con-
centrat ions of total hydrocarbons are expressed as ppm CH4 equivalent.

1 . 2 .4 Gas Chrotnatograph (GC) Mode
In the GC mode, the OVA functions as a completely portable, self*

contained gas chromatograph for gas or vapor samples only. With the
judicious use of qualitative standards and the proper selection of col-
umn j , individual organic compounds can be identified. Plots of the re-
tent ion time of various organic compounds versus physical properties sucn
as carbon number, boiling point, etc . , can be used to identify classes of
organic compounds.

A sample can be introduced into the OVA either via the 250-oicro-
l iter (ul) sample or the injection port. When the OVA is operating in
the survey mode, the sample is continuously flowing through the sample
loop. By depress ing the "inject" button, the sample loop is immediately
connected to the column, causing a 250 ul aliquot: of the sample to be
i n j ected ineo the column. The OVA also has an ambient temperature injec-
tion port and septum. A gas-tight syringe is used to inject a sample
direct ly into the column through the length of the inject ion port . In-
jec t ions of greater than 150 to 200 ut have been found to extinguish the
flame (further guidance on injection s ize is presented in Sect ion 6 . 2 ) .

The column cons ists of an inert tubing packed with a material which
physically interacts with organic compounds. Since the packing material
has a different affinity for each individual compound, the time it takes
evich compound to pass through the length of the column (the retention
cirao) will be different . The retention time is dependent upon several
physical parameters of the column: temperature, length of column, type
of packing, and flow rate of carrier gas .

By comparing the retention time of an unknown compound to that of
known compounds, the unknown may be identified. It is important to note
that a single retention time match does not const i tute a positive identl-

GO
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fication. The American Society for Testing Materials (ASTM) requires
that the retention time of an unknown be established on three separate
columns (high-, intermediate-, and low-polarity) before a positive iden-
tification can be made. Even after this stringent identification, the
data may not hold in « court of law. However, a qualified chemist can be
reasonably certain in most instances that with a good retention time
match, an identification has been made, The expertise of the chemise
making the assignment is the factor at work. For a positive identifica-
tion of a chemical compound, a gas chromatography/mass speetrometry
(GC/MS) identification is required. This constraint by no means reduces
the usefulness of the OVA in the FIT program, as demonstrated in the re-
maining sections.

1.3 OPERATION OF THE QVA
1 . 3 . 1 Description

The basic instrument cons i sts of three assemblies; the Probe/Read-
out Assembly, the Side Pack Assembly, and the Strip Chart Recorder. The
output meter and alarm level adjustments are incorporated in the Probe/
Readout Assembly, which is operated with one hand. The Side Pack Assem-
bly contains the remaining operating controls and indicators, the elec-
tronic circuitry, detector chamber, hydrogen fuel supply and electrical
power supply. A bats«ry test feature allows charge condition to be read
on the meter. Hydrogen flame-out is signified by an audible alarm plr.s a
visual indication on the meter . The instrument contains a frequency
modulated detect ion alarm which can be present to sound at a desired con-
centration level. The instrument is designed for one-person, one-hand
operation, and the entire unit weighs less than 12 pounds, including fuel
supply and battery. An earphone is provided for "operator only" monitor-
ing, and a carrying case is provided for the transportation and storage
of the instrument.

During use, the Side Pack Assembly can either be slung over the
operator 's shoulder or carried as a back pack. The Side Pack Assembly is
housed in a high-iapact plastic case and weighs less than 10 pounds. The
Probe/Readout Assembly can be detached from the Side Pack Assembly and
broken down for transportation and storage. The Strip Chart Recorder is
used for operation in the GC mode.

1-5
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The length of the telescoping probe is adjustable over a vide range
to suit the individual user. A knurled locking nut is used to lock the
probe at the desired length. The probe is attached to the Readout Assem-
bly using a knurled locking nut. For measurements la closed areas, the
probe is replaced with a closed area sampler, which is supplied as a
standard accessory.

The primary filter is made of porous stainless steel and is located
behind the sample inlet connector. In addition, replaceable porous metal
filters are installed in the closed are* samplers and the tubular sam-
pler.

1 . 3 . 2 Specifications
i — — I — — — " - •- VXJ

Following are the specifications for the Century Systems (Foxboro) IA
Model OVA-128: *-

O
Oo Sensitivity: O.I ppm (methane) (for survey mode use)

o Response time: Less than 2 seconds

o Readout: 0 to 10 ppm, 0 to 100 ppm, 0 to 1000 ppm, 250* linear
scaled meter; external monitor connector

o Sample flow rate: Nominally 2 units

0 Fuel supply: 75 cubic centimeter tank of pure ( 99 .999 * ) hydrogen
at maximum pressure of 2300 ps ig , refillable while in case.

o Primary electrical power: Rechargeable and replaceable battery
pack at 12 VDC.

0 Service life: 8 hours minimum operating time with hydrogen sup-
ply and battery power.

1 . 3 . 3 Controls (Refer to Figure l-l)
Side Pack Assembly

Following is a description of the operation of the controls on the

1-6
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Figure 1-1 MODEL OVA-128 ORGANIC VAPOR ANALYZER

i-7

001587



Side Pack Assembly:

o INSTR/BATT Test Switch: Three-position toggle switch turns on
all instrument electrical power except the pump and alarm power
and also permits display of the battery charge condition on the
readout meter,

o POMP (QN-OFF) Switch: Toggle switch turns on power to the inter-
nal pump and audio alarms.

o IGNITER Switch: Momentary push-button switch connects power to ^
the igniter coil in the detector chamber and simultaneously dis- _
connects power to the pump.

o CALIBRATE Switch (Range Selector) : Three-position toggle switch
selects the desired range: XI (0 to 10 pom), X10 (0 to 100 ppm),
or X100 (0 to 1000 ppm).

o CALIBRATE ADJUST (Zero) Knob: Potentiometer is used to "zero"
the instrument.

o GAS SELECT Knob (Span Contro l ) : Ten-turn dial-readout potentio-
meter sets the gain of the instrument, commonly referred to as
span control.

o RECORDER CONNECTOR: Aaphenol connector is used to connect the
instrument to an external monitor with the following pin connec-
tions:

OO

O
O

Pin E - Plus 12 VDC
Pin H - Ground
Pin B - Signal 0-5 VDC

o RSCHARGER CONNECTOR: BNC connector is used to connect the bat-
eery pack to the battery recharger assembly.

1-3
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o H? TANK VALVE: Valve is used to supply or close off the fuel
supply from the hydrogen tank,

o H? TANK PRESSURE Indicator: High pressure gauze measures the
pressure in the hydrogen fuel tank. The pressure is an indica-
tion of fuel supply.

o H? SUPPLY VALVE: Valve is used to supply or close off the hy-
drogen fuel to the detector chamber,

o H? SUPPLY PRESSURE Indicator: Low pressure gauge is used to
monitor the hydrogen pressure at the capillary restrictor. COin

o SAMPLE FLOW RATE Indicator: Indicator is used to monitor the •*—
sample flow rate. O

O
o REFILL CONNECTION: Quarter*inch AN fitting is used to connect

the hydrogen refill hose to the instrument,

o REFILL VALVE: Valve is used to open one end of the instrument
fuel tank for refilling with hydrogen,

o EARPHONE JACK: Jack is used to connect the earphone; the speaker
is turned off when the jack is connected,

o VOLUME Knob: Potentiometer adjusts the volume of the internal
speaker and earphone,

o READOUT and SAMPLE CONNECTORS: Used to connect the sample hose
and umbilical cord from the Probe/Readout Assembly to the Side
Pack Assembly.

o SAMPLE INJECT VALVE: When this valve is depressed, a 250 ul ali*
quot of the sample stream is injected on-coluran.

o BACKFLUSH VALVE: Reverses the flow of carrier gas <H?) through
the column while maintaining carrier gas flow to the detector.

1-9
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Probe/Readout Assembly

The controls on the Probe/Readout Assemby are;

o METER: 250* linear scaled meter displays the output signal level
in ppra*

I
I
II
II
I
I

o ALARM LEVEL ADJUST Knob: Potentiometer (located on the back of
the Readout Assembly) is used to set the concentration level at
which the audible alarm is actuated.

1 . 3 . 4 Charging with Hydrogen
A high-grade dry hydrogen (99.9992) intended for use in gas chroma-

tography is required. The maximum hydrogen pressure the instrument can
handle is 2300 psig. The following procedure is used to fill the instru-
ment with hydrogen:

(1) Connect fill hose to REFILL CONNECTION on Side Pack Assembly.

(2) Open H2 supply bottle valve slightly,

(3) Qpe" REFILL VALVE and H2 TANK VALVE on instrument panel.

(4) Place FILL/BLEED VALVE on fill hose in FILL position (Pressure
gauge reading on instrument panel will be equal to H-, supply
bottle pressure reading).

(5) Shut REFILL VALVE, FILL/BLEED VALVE and H2 supply bottle
valve.

(6) Turn FILL/BLEED VALVE on fill hose to BLEED position. Allow
fill hose to bleed to atmospheric pressure.

* *7 > Turn FILL/BLEED VALVE to FILL position.

* (8) Turn FILL/BLEED VALVE to BLEED position.

* (9) Turn FILL/BLEED VALVE to OFF position.

O
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oo
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( 10) Close H2 TANK VALVE

The stops marked by an asterisk (*) together allow the bleeding of
hydrogen under high pressure from the connection fittings into the hose
assembly and the bleeding of hydrogen in the fill hose to atmospheric
pressure.

With the H2 TANK VALVE and the H2 SUPPLY VALVE closed, a small
amount of hydrogen at high pressure will be present in the regulators and
plumbing. As a leak check, observe the H2 TANK PRESSURE indicator with
the H2 TANK VALVE open while the remainder of the system is shut down.
If the pressure decreases rapidly (greater than 350 psig/hr), there is a
significant leak in the hydrogen supply system.

1 . 3 . 5 Hydrogen Supply Considerations
Regional personnel should request that the Regional Administrative

Manager (RAM) check the office space lease specifications to determine if
the storage of a compressed cylinder of hydrogen is permitted on the of-
fice premises. The moat readily obtainable hydrogen supply is a cylinder
containing approximately 250 cubic feet of hydrogen at 2200 psi . A cyl-
inder of this size will supply one OVA for over a year.

If available, a smaller Cylinder of hydrogen should be obtained,
since it is easier to transport to field locations. A FIT Communique
will be issued on procedures for transporting hydrogen in the FIT van.
If a supply cylinder is unavailable at a field operation, local hospitals
or laboratories may be contacted as a possible source.

1 - 3 . 6 Battery Charging
Plug the charger BNC connector into the mating connector on the OVA

Side Pack Assembly. Plug the battery charger into a 115 VAC outlet and
turn the battery charger switch ON. The light above the switch button
will light. The condition of the battery is indicated by the meter on
the charger. When the instrument is fully charged, the needle will line
up with the "charged" marker. Approximately one hour of charging time is
required for each hour of operaton. Since the charger can be left on in-
definitely without damaging th« batteries, the instrument can be operated
from a 120 VAC power source. FIT OVA's will always be left on charge.

LTl
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1 . 3 . 7 Start-up (Survey Mode)
The following is the procedure for using the OVA in the survey mode

as a portable total hydrocarbon analyzer. Figure 1-2 (0) presents a
schemat ic flow diagram for operat ion in the survey mode. See Sect ion
1 . 3 . 9 for operating the unit in the GC mode.

(1) Assemble the instrument by connecting the Probe/Readout connec-
tors (electrical and Swagelock*) to the Side Pack Assembly.
Connect the appropriate probe to the Probe/Readout Assembly.

(2) Turn the PUMP switch OK and leak-check the flow system by plug-
ging the end of the probe momentarily. The SAMPLE FLOW RATE
indicator should drop to zero. Turn PUMP switch OFF.

(3) Move INSTP. switch ON and allow 5 minutes for waraiup.

(4) Turn PUMP switch ON and verify that the battery is charged.

(5) Check SAMPLE FLOW RATE indicator for proper flow.

(6) Set CALIBRATE switch to X lO ; use CALIBRATE knob and set meter
to read 0.

(7) Place BACKFLUSH and INJECT valves in UP posit ion.

(8) Open H2 TANK VALVE and H2 SUPPLY VALVE.

(9) Depress IGNITER button. If unit is in proper working order,
the FID will, ignite in 1 to 6 seconds. Do not depress the but-
ton longer than 6 seconds. If the instrument does not light,
allow the unit to run for several minutes and repeat ignition.

NOTE: It is especially important that the INJECT VALVE be in the UP po-
sition. When this valve is in the DOWN position, anbient air is
directed through the activated charcoal filter before going to the
detector. Consequently, many volatile contaminants would be

1-12
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Figure 1-2 SCHEMATIC FLOW DIAGRAMS;
SURVEY MODE AND GC MODE
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"scrubbed out," and the OVA would indicate background levels unless
methane was the priirary contaminant.

1 . 3 . 8 Shut-down
Following is the shut-down procedure:

(1) Close Hj SUPPLY VALVE and H2 TANK VALVE (Don't overtighten
valves).

(2) Turn INSTR switch OFF.
(3) Wait 10 seconds and turn PUMP switch OFF.

1 . 3 . 9 Gas Chromatographic Mode (GC Mode)
In the GC mode, the OVA functions as a gas chroroatograph. Gas chro-

matography is an art, and in general, there are no rigid procedures for
all applications. The amount of information obtained from the gas chro-
matograph is directly proportional to the experience of the operator.
The following discussion summarizes the basic operating procedures for
the OVA' s GC mode. Specific procedures for GC mode operation in the FIT
Project are covered in Sect ions 4 through 8.

Operation
The unit will function as a gas chromatograph after the following

steps are taken:

(1) Connect the Strip Chart Recorder to the Side Pack Assembly.

(2) Connect the appropriate column to the instrument (see Sect ion
5 . 5 , "Column Selection").

(3) Follow Steps 1 through 8 in Section 1 . 3 , 7 .

Leak-check the column connections using an appropriate solu-
tion.

(5) Perform Steps 9 and 10 in Section 1 . 3 . 7 .

(6) Zero the Strip Chart Recorder on the appropriate range (HI or
LOW; XI, X10, or X 100) .

in
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Sample Injection
There are two basic methods of presenting a sample to the gas chro-

matograph for analysis: via the SAMPLE INJECT VALVE or via a gas-tight
syringe.

SAMPLE INJECT VALVE. This valve allows a 250 ul aliquot of the sam-
ple flowing to the detector to be introduced to the column. Once the
sample is injected, the GC analysis is automatic.

(1) Simultaneously turn on the Strip Chart Recorder and depress the
SAMPLE INJECT VALVE with a fast, positive motion.

(2) If the FID flame goes out (as indicated by a sharp drop in the
concentration level), re-ignite the flame immediately.

(3) A negative air peak and positive compound peaks will be indi-
cated on the Strip Chart Recorder. Adjust the CALIBRATE switch
on the Side Pack Assembly and the HI-LO switch on the Strip
Chart Recorder to keep the peaks on-scale.

After the final peak of interest, it is necessary to activate the
BACKFLUSH VALVE, which reverses the flow of carrier gas (H2) through
the column while maintaining flow to the detector . This process should
be allowed to occur for 1.5 times the length of the ehroraatogram in order
to "purge" the column prior to making subsequent injections. Following
the backflush, return the INJECT VALVE to the UP position. (Figure
1 -2(C) il lustrates flow directions in the GC mode.)

Gas-Tight Syringe. Using a gas-tight syringe, a premeasured amount
of sample can be injected directly on column. Good syringe technique is
very important for sample introduction via a gas-tight syringe.

(1) Leak-check the gas-tight syringe by inserting the needle into
an old septum and depressing the plunger. There should be a
pressure buildup.

(2) Check for flow in the syringe by placing the needle tip into a
small amount of de-ionized water and depressing the plunger. A
flow of bubbles should be observed.

1-15
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(3) Collect the appropriate amount of sample in the syringe
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(4) Place the BACKFLUSH VALVE and the INJECT VALVE in the UP posi-
tion, (For syringe injections, the BACKFLQSH VALVE must be in
the UP position in order Co run a chromatogram.)

(5) Inject the sample through the injection port and septum with a
smooth, swift motion. Simultaneously start the Strip Chart Re-
corder.

(6) If the FID flame goes out as indicated by a sharp drop in the
concentration level (meter needle falls below zero), re-ignite
the flame immediately. If the flame cannot be re-ignited,
backflush the column for several minutes. Re-ignite the flame
and make a new injection.

(7) A negative air peak and positive compound peaks will be indi-
cated on the Strip Chart Recorder. Adjust the CALIBRATE switch
on the Side Pack Assembly snd the HI-LO switch on the Str ip
Chart Recorder to keep the peaks on-scale .

Blank Inject ions
Prior to the use of the OVA in the GC mode, a baseline condition

must be establ ished. Normally, a "blank" injection is performed, and the
baseline is recorded. Note that if a chromatogram is to be introduced
into a court of law as evidence, the blank injection is performed immedi-
ately prior to the sample injection. The blank is recorded and becomes a
permanent part of the sample chromatogram.

There are several considerations in recording the blank. A blank is
normally considered to be a sample of background or ambient air. Typ-
ical survey mode background measurements are around the 4 ppm level. For
water sample analysis, a blank would be an injection of air taken from
the headspace of a vial partially filled with distilled or organic-free
water. The judgement of the analyst is the final criterion for what con-
stitutes a blank injection, taking into account the nature of the sample
and the final use of the data obtained from the chromatogram.

1-16
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1 . 3 . 10 Maintenance
This section describes the routine maintenance tasks which can and

should be carried out by the operator assigned to an OVA. As a minimum,
routine maintenance should address the following elements of OVA care:
proper charging of the battery pack, avoidance of restrictions in the air
sampling line, checking for leaks in the air sampling line, and checking
for leaks in the hydrogen supply system.

Charging of Battery Pack
The battery pack will be hooked up to the charging unit whenever the

OVA is not in use. The charger can be left on indefinitely without dan-
aging the batteries. If the batteries are not properly charged and the
instrument is used continually, or a power switch is inadvertently left
on, permanent damage to the battery pack may result. Approximately on*
hour of charging time is required for each hour of operation. Us* of the
Strip Chart Recorder reduces significantly the operating tim« which can
be expected with a full charge.

Avoidance of Restrict ions in Air Sampling Line
There are several points in the air sampling line of the OVA where

fi lters have been placed to keep particulates from entering th« instru-
ment. In addition, there are two other filters within the instrument
which may become blocked and restrict flow rata. The filters should b«
cleaned whenever the OVA has b«en operated for a period of time under
dusty conditions and should be checked and cleaned whenever the SAMPLE
FLOW RATE indicator on the instrument shows a decreased flow rate. The
locations and cleaning procedures for these filters are suaaaarized below
(Refer to Figure 1-1 and Century Systems Operator ' s Manual for loca-
tions):

Primary Filter. This filter is located behind the sample inlet con-
nector (Fitting Assembly) on the Side Pack Assembly and is removed for
cleaning by uaing a thin-walled socket to unscrew the Fitting Assembly.
The filter cup, "0" ring and loading spring will then come out as shown
in the Side Pack Assembly drawing. The porous stainless filter cup can
then be cleaned by blowing out or washing in a detergent, followed by
thorough rinsing. The filter is then dried at 105*C in the oven provided

1- 17
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Co each region. Reassemble in reverse order ensuring that the "0" ring
seal on the Fitting Assembly is intact.

Particle Filters. A particle filter is located in each probe (pick-
up) fixture. A filter must be in the sample line whenever the instrument
is in use. The OVA uses a porous metal filter which can be cleaned like
the primary filter.

Mixer/Burner Assembly Filter. Another porous metal particle filter
is incorporated in the Mixer/Burner Assembly which screws into the Preatop
Assembly. This filter is used a* the sample mixer and inlet flame arres-
tor in the chamber* This filter should not become contaminated under
normal conditions but can be cleaned or the assembly replaced if neces-
sary.

Access to this filter for output surface cleaning is gained by sim-
ply unscrewing the exhaust port from the Preaap Assembly without removing
the instrument from the case. The safety cover oust be removed before
the exhaust port is unscrewed. The Filter Assenbly can b« itan on the
side of the chamber (Preamp Assembly) and can be scraped or cltaned with
a tmall wire brush.

Exhaust Flame Arrestor. A porous metal fUaa arrester is located in
the exhaust port of the detector chamber (Praaup Assembly). U acts as a
part ic le filter on the chamber output and restr i c t s foreign matter from
enuring the chamber. This filter may be claanad, if required, by re Mov-
ing the exhaust port from the Preamp Assembly. Clean the fi lter with a
solvent or detergent but ensure that it is dry and any solvent completely
baked out at 120'Y before reinstall ing.

Probe (Pickup) . The pickup fixtures should be periodically cleaned
with an air hose and/or detergent and water to eliminate foreign particu-
late matter. The fixture should be cleaned with detergent and baked at
105*C to eliminate any residual hydrocarbons.

Che c king Jor _Leaks_ in the Air Samp_l ing System
Leaks In the air sampling puoping system can result in either dilu-

tion or loss of sample, causing low reading of vapor concentration and
slow response time. The OVA is equipped with a flow gauge, which pro-
vides a method to check for air leaks. Assemble the pickup probe se-
lected for use to the Readout Assembly and then position the Sidepack
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vertically so that the flow gauge can be observed. Cover the end of the
pickup probe with your finger and observe that the ball in the flow gauge
goes to the bottom, indicating no air (if the ball has a slight chatter
while on bottom, this is acceptable). Cover the center of the chamber
exhaust port with your thumb and again observe the ball going to the bot-
tom.

If the ball does not go to the bottom when the inlet is blocked,
there is * leak in the system between the probe and the pump inlet or in
the inlet check valve. To isolate the problem, remove parts one at a
time and again block off the air inlet. Remove the pickup probe(s) and
cover the air inlet at the Readout Assembly. If the ball goes to the
bottom, check that the "readout; to probe" seal vasher is in place and
replace the probes, holding them back againat this seel while tightening
the nut. Recheck, and if leakage is still present, it is probably in the

ON

in
oprobe (pickup fixture), which should be repaired or replaced.

If leakage is indicated as being past the readout handle when the °
connection to the Sidepack is tight, disconnect the sample line at the
fitting on the Sidepack and cover this inlet with your finger. If the
flow gauge ball goes to the bottom, the problem should be a leak in the
Umbil ical Cord/Readout Assembly, which should be investigated and re-
paired. There is also the possibility of a leaking check valve in the
pump which would not show up on this test . If the leakage is not found
in the Umbilical Cord, it is most likely in the pump check valve, which
should be repaired or replaced at an authorized service facility.

Checking for Leaka in the Hydrogen Supply System
If after the unit is refilled with hydrogen, the pressure shown on

the H2 TANK PRESSURE indicator decreases rapidly (greater than 35Q
psig/hour), there is a significant leak in the H2 supply system. These
leaks may occur at any point in the system; however, there are points
which are more likely to leak than others. A small amount of time spent
checking these susceptible areas can help reduce down-time by providing
service personnel with specific information. Also, there are suggestions
which can help the OVA operator avoid causing these leaks in the first
place.
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The H2 TANK VALVE, H2 SUPPLY VALVE and REFILL VALVE are all
constructed with. Teflon washers which with time can "cold flow" (move
with pressure) and allow hydrogen to leak. The life of these washers can
be extended if the operator is careful to close these valves finger-
tight. It is unnecessary to use a great amount of force on these valves.
Leakage can be determined by using "Leak-Tec," "Snoop" or a soap solution
around the valve stem.

If the source of the hydrogen supply system Leak is one of these
valves consult page 6 of ehe Century Systems Operator's Manual for
instructions on tightening the compression nuts of the valves. If the
source of the leak is not one of these valves, or if tightening of the
valve compression nut does not correct the leakage problem, the instru-
ment should be shipped to Foxboro-Wilk.es for repair. (See Section 9 for
address.)

1 .4 TROUBLESHOOTING
It may be possible for the operator to identify and correct minor

malfunctions or abnormal responses noted during initial startup and
operation of the OVA. The corrections necessary may be simple adjust-
ments and/or cleaning, or replacement of a part may be required. A
troubleshooting chart is included in Appendix A, and a recommended spare
parts list follows.

It is impossible and costly to maintain a large inventory of spare
parts for the OVA. The following list includes those parts which are
easily carried and replaced in the field. Regional operators are respon-
sible for ordering and stocking these items:

O
O\o
\—*
O
O

Item Description
1 Igniter (glow plug)
2 Filter cup (primary filter)
3 Particle filters

Century Systems
Part Number
510461-1
510318-1
5101 16- 1

Quantity
1

1 pkg of 5
2
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1.5 SAFETY AND SHIPPING
The OVA is certified aa intrinsically safe by the Factory Mutual

(KM) Research Corporation for use in Class 1, Division 1, Groups A, B, C
and D hazardous environments. Basically, this certification allows the
instrument to be operated in areas where volatile, flammable organic com*
pounds are present. If the oxygen concentration is reduced by displace-
ment to below 16%, the FID will be extinguished. Any modification of the
instrument will void the FH certification.

Hydrogen gas mixed with air is extremely flannabie. Thus, the re-
filling procedure should be strictly adhered to, i.e., refilling should
take place only in well-ventilated areas, away from sources of sparks,
heat or flames. In addition, the unit's batteries must be recharged in a
non-hazardous environment.

The U .S . Department of Transportation (DOT) has granted special
permission to allow shipping of the OVA-128, when completely charged with
hydrogen, on a passenger-carrying aircraft. The unit oust be clearly
labeled "HYDROGEN, FLAMMABLE GAS" with a DOT-approved label. In addi-
tion, a copy of the DOT letter authorizing shipment must accompany the
OVA (See Appendix B). Mote that if the unit does not contain hydrogen,
it may be shipped without restriction.

O

o
O

1 .6 CALIBRATION
Primary calibration of the OVA is accomplished at the factory by

using methane in air samples of known concentration and making adjust"
ments to four potentiometers located on the circuit board inside the
instrument. This primary adjustment: is relatively stable over time and
should not concern field operators. The primary calibration may be
checked during the annual factory maintenance procedure which will be
required for each FIT unit. Maintenance schedules will be established by
the FIT National Project Management Office ( NPMO).

All FIT OVA's will be calibrated monthly to methane, and records
kept on file to document the procedure. A 5 liter (1) gas sampling bag
is filled with "clean" air. One cubic centimeter (cc) of a pure methane
gas from a calibration cylinder is injected through the septum of the gas
sampling bag. The sampling bag is then agitated to ensure complete
diffusion of the sample. The concentration in parts per million (ppm)
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(volume/volume) will be equal to the sample size in cc, divided by the
volume of the bag in cc. times 1,000,000. Therefore,

• 1 cc x 1,000,000 * 200 ppm
5000 cc

Note: 1 liter - 1000 cc

The outlet of the sampling bag is connected to the air sampling line
of the OVA. The GAS SELECT knob is then adjusted until the meter readingon the OVA is 200 ppm.

Since the instrument is calibrated to methane, the concentrations ^Q
read for other compounds must be expressed as "methane equivalent" con- v-
centrattons. it is possible to calibrate the instrument to other organic ^
vapors by adjusting the GAS SELECT knob on the Sidepack control panel.
However, this requires a supply of the gas of interest at a known concen-
tration. Cylinders of various gases are commercially available and
should be requested with the gas of interest and the balance as air. The
calibration gas should be withdrawn from the cylinder and placed in a
sample bag of known volume from which it may be drawn into the OVA. By
making the appropriate calculations, samples of known concentration can
be prepared. As the OVA draws in the sample, the GAS SELECT knob is
turned until the calculated concentration of the sample is read on the
meter. The instrument is now calibrated to read directly the concentra-
tion of the compound of interest.
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SECTION 2

INTRODUCTION TO THE hNu PHOTO-IONIZER

2. 1 PERSONNEL
The hNu Photo-ionizer Model PI 101 is extremely simple to operate.

After a few hours of training, virtually everyone on the FIT program can
be taught to use the hNu efficiently. However, since the interpretation
of its readings is often complex, personnel with specialized training
and/or knowledge in its operation must be present to evaluate the data
obtained frotc it.

2.2 THEORY OF OPERATION
The hNu is a portable, non-specific vapor/gas detector employing the

principle of photoionization to detect a wide variety of chenical com-
pounds, both organic and inorganic, the hNu contains a source of ultra-
violet (UV) light within its sensor chamber. Ambient air is drawn into
the chamber with the aid of a small fan. If the ionization potential
( IP) of any molecule present in the ambient air is lower than the energy
of the UV light source, that molecule will absorb a photon and become
ionized. The following equation is the principal react ion:

o
vO

Oo

RH + hv RH++ e"

where, RH » trace gas
hv « A photon with an energy > IP of RH

The chamb-ar contains a pair of electrodes with a positive potential
applied to one electrode. The field thus created drives any ions fonced
by the absorption of UV light to the collector electrode, where the cur-
rent (proportional to concentration) is measured.

The IP of the normal constituents of ambient air, i .e . , 02» N2,
CO, CO^ and ^0, are all higher than any available UV lamp source.
Therefore, the instrument does not respond to those components.

The range of the instrument is from approximately O.I to 2000 ppm,
depending on the span setting and the chemical nature of molecular spe-
cies present within the sensor chamber.
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2.3 INSTRUMENT OPERATION
2 . 3 . 1 Specifications

o Range: 0.1 to 2000 ppm (benzene) Linear Range: 0,1 to 600 ppm
o Sensit ivity: 0 to 2 ppm, maximum for 100 division scale
o Response Time: 3 seconds to 90% full scale
o Operating Temperature: Ambient to 40*C .
o Operating Humidity: To 95% relative humidity

2 . 3 . 2 Description
The unit consists of a Readout/Control Assembly and a Sensor/Probe.

The Probe connects the Readout/Control Assembly via an electrical cord
and 12-pin jack (front panel mounted). The Sensor/Probe can be dis-
assembled and stored in the instrument's cover (See Figure 2-1) .

2 . 3 . 3 Controls (refer to Figure 2-2)
Following are the controls on the Readout/Control Assembly:

o Six-Posit ion Function Switch: Selects functions according to the
following:

o OFF: Complete power shutdown.

\o BATT: Verif ies the condit ion of the battery.

o STANDBY: Energizes entire unit except UV lamp. Used to zero
instrument and to conserve power.

I
o Ranges 0 to 20, 0 to 200, 0 to 2000: Direct reading span of

the meter face, in ppm.

o ZERO Potentiometer: Electronically zeroes the instrument.

o SPAN Potentiometer: Increases or decreases the sensitivity of
the instrument with respect to full scale deflection. Used to
calibrate instrument with specific span gas.

O

O
O
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READOUT/CONTROL ASSEMBLY

SENSOR/PROBE ASSEMBLY

in
o
MD
^—
Oo

Figure 2-1 hNu PORTABLE PHOTO-IONIZER, MODEL PI 101

I 2-3

001605



IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Low Battery IndicatorLightfLEDJ

Power Off

SensitivityAdjustment

Hi-Voltage
Interlock

Battery CheckPosition

Ranges (ppmj

Recorder Output
1-5VDCJ

sensor. readout unit and
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II o RECORDER Output Jacks: 0 to -5 VDC signal output for recorder

o RECORDER Power Jack: Provides 12 VDC to drive recorder.
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2 . 3 . 4 Battery Charging
To charge the battery, plug the charger into the jack on the side of

che instrument case . The battery is fully charged after 14 hours of
charging. Disconnect 120 VAC power before disconnecting the charger
plug. A full charge provides about 10 continuous hours of operation.
The instrument will always be left on charge when not in use.

The instrument is equipped with an automatic cut-off circuit which
turns off the power if the battery voltage drops below 11 VDC. This pre-
vents accidental damage to the electronics if it is inadvertently left
on. Note that the unit can be operated with the charger on, unless it is
in a hazardous (explosive) environment; however, it must be charged in a
non-hazardous (non-explosive) area.

2 . 3 . 5 Operation
Start-up

The start-up procedure is as follows:

(1) Connect Sensor Probe to Readout/Control Assembly.

(2) Turn function switch to BATT and verify condition of the bat-
tery.

(3) Turn function witch to STANDBY and utilizing ZERO potentio-
meter , set meter to zero. Hold Sensor/Probe next to your ear
to verify that the fan is working.

(4) Set SPAN control to 9.8 or to desired setting. (See Section
2.4 "Instrument Span.")

(5) Select appropriate range. For most survey operations on the
FIT Project , th«i setting used is 0 to 20 ppm. A violet-colored
glow from the UV lamp source should be observable at the sample
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inlet of the Probe/Sensor unit. (Avoid looking directlj
since eye damage can result .) y in

(6) Verify instrument operation. A convenient trethod is to gently
blow into the Probe. There should be a 1 to 2 ppm deflection.

Shut-down
To shut the unit off:

(1) Turn function switch to OFF.
(2) Disconnect Sensor/Probe.

2.4 INSTRUMENT SPAN

The SPAN potentiometer increases or decreases the sensitivity of the
i r .9trutpe.nt . (Counter-clockwise rotation increases the sensit ivity.) At
the rerocaaended span setting of 9 .8 , it quantitatively responds to ben-
zene, if benzene is the sole chemical species present. At this setting
it will also respond, but not quantitatively, to all molecule? with an IP
of less than the energy of the UV lamp. The response to a molecule other
than benzene (at the 9.8 sett ing) may be greater or less than that ot
benzene (on a volume/volume bas i s ) , depending on the molecule's type and
structure. If a quantitative response to a specific chemical compound is
des i r ed , then the instrument span trust be cal ibrated with that compound.

2.5 IONI2ATION POTENTIALS
Since the hNu is used as both a safety and a survey device on che

FIT Pro j e c t , each unit is supplied with the 10 . 2 and the 1 1 . 7 ev UV
sources . This allows the instrument to be used to detect a wide variety
of chemical species. A list of the IP of many chemical compounds appears
in Appendix C. Qualitative identification of compounds is not possible.

2 .6 CALIBRATION

Primary calibration of the hNu is accomplished at the factory. For
FIT applications, the calibration standard used is benzene and the SPAN
potentiometer reading is 9 .8 . Primary calibration is normally stable for
a long time. Routine calibration is most easily accomplished by using a

GO
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manufacturer-supplied cylinder of calibration gas (provided to each re-
gion). A sample of the calibration gas is drawn into the instrument and
the SPAN potentiometer is adjusted until the instrument is reading the
exact concentration of the calibration gas. Small deviations from the
span sett ing over time are normal. Deviations of greater than + 5% indi-
cate that the lamp window may need cleaning or, if that does not elimi-
nate the deviation, the unit needs servicing. It is FIT Project policy
that routine calibration be performed prior Co each field use, this will
also serve as an operational check to ensure that the instrument is re-
sponding properly. Records of routine calibration should be placed onfile.

2.7 DATA

Any quantitative data obtained with the hNu must be reported as the
equivalent value of its span gas . That is, with the span s«t to 9 . 8 , a
reading of 20 ppm would be reported as "20 ppoi, benxen* equivalent, span
• 9 . 3 . " If a span setting of other than 9.8 is used, the data must be
referenced to that part icular span and/or cal ibration gas .

2 .8 MAINTENANCE

The following subsections descr ibe the minimum routine rr.aint<matice
necessary. The instrument contains only one moving part and consumes no
gases or reagents .

2 . 8 . 1 Cleaning 1TV Light Source Window
The only routine maintenance procedure specif ied by the manufacturer

is cleaning the light source window every few weeks. This procedure ii
accomplished as follows;

(1) Turn the function switch to the OFF position and disconnect the
Sensor/Probe froir the Readout/Control Unit .

(2) Remove the exhaust screw found near the base of the probe.
Grasp the end cap in one hand and the Probe shell in the other
and gently pull to separate the end cap and lamp housing from
the shell.

O
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(3) Loosen the screws on the top of the end cap and separate the
end cap and ion chamber from the lamp and lamp Housing. Care
dust be taken so that the ion chamber doesn't fall out of the
end cap and the lamp doesn't slide out of the lamp housing.
turn the end cap over in your hard and tap on the top of it;
the ion chamber should fall out in your hand.

Place one hand over the top of the lamp housing and tilt
slightly; the light source will slide out of the housing. The
lamp window nay now be cleaned with the manufacturer-supplied
cleaning compound.

(3) Following the completion of cleaning, reassemble the unit by
first sliding the Ump back into the lamp housing. Then place
the ion chamber on top of the lanp housing, checking to make
sure that th« contact! are properly aligned.

(6) Place the end cap on top of the ion chamber and replace the two
screws. The screws should be tightened only enough to seal the
"0" ring. DO HOT OVERT IGHTEN. Line up the pins on the base of
the lamp housing with pins inside che probe shell. Gently
sl ide the housing assembly into the shell; it only fits one
way.

(7) Replace the exhaust screw.

Figure 2-3 shows the component parts of che Probe Assembly.

2 .8 .2 "Foggin_g'v _o_f UV Light Source Window
During cold weather operations, condensation may form on the UV

light source window, resulting in reduced levels of response. Field
operators cm follow the procedure outlined in Section 2 .8 , 1 for removing
the lamp to clear it of condensation. Consideration should also be given
to more frequent cleaning when the instrument it used under very dusty
conditions, such as on a landfill in dry weather.

2-8
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12 Pin Connector
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I
Figure 2-3 COMPONENT PARTS OF THE hNu PROBE ASSEMBLY
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2.9 TROUBLESHOOTING
If any malfunctions are noted during the start-up and operational

check of the hNu prior to field use, refer to Appendix D for some basic
troubleshooting guidance. Any problems which cannot be resolved quickly
by the field operator should be referred to the factory for correction.
(See the resource list at the end of the manual for the address and tele-
phone number.)

2 . 10 SAFETY AND SHIPPING
The hNu can be carried on any aircraft as luggage; however, do not

check it unless it has been carefully packaged. Cooznercial airlines will
not insure it unless it is shipped in its original container.

The hNu has Factory Mutual (FM) Certification for operation in Class
1, Division 2 of the National Electrical Code. Therefore, the hNu should
not be used in environments which are above IOZ of the lover explosive
limit (LED, since the circuitry in the probe assembly ia relatively open
and could be an ignition source. This action level for Z of the LEL
agrees '*ith that for site evacuation during FIT operations.

2-10
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.GENERAL FIELD APPLICATIONS

This section describes the application of the OVA and the hNu for
general field purposes. The types of application described would typi-
cally be associated with a FIT initial involvement with a site. The use
of the OVA and hNu for more specialized applications such as sample
screening and use during hydrogeologic investigations are described in
Sections 4 and 5.

3.1 AMBIENT AIR CHARACTERIZATION
A basic application of the OVA and hNu is in the characterization of

the air quality at a site, which should be a primary objective for an
initial site entry operation. The OVA and hNu can be used in tandem to
accomplish this task, or either may be used alone depending upon the
availability of equipment. The data obtained from a site air characteri-
zation study can be integrated with other available data to assist FIT
personnel to evaluate whether the air quality at a sice may be endanger-
ing the surrounding population and to determine the appropriate level of
respiratory protection for subsequent site operations.

The OVA or hNu operator, or both, are included as part of the ini-
tial site entry team. The other members of the initial site entry team
are responsible for operating the characterization equipment which is
standard for FIT initial site entry, i.e. , oxygen meter, explosimeter,
radiation survey equipment, and Drasger tubes. The OVA anc1 hNu do not
replace any of these pieces of equipment. Once a thorough site charac-
terization has been performed, it may be possible and desirable to elimi-
nate the use of all but the OVA or hNu, depending on site activities,

O
O

3 . 1 . 1 OVA Use for Ambient Air Characterization
Preparation

The OVA should be operating in the survey mode prior to site, entry.
The Side Pack Assembly can be pretecCed from contamination by using a
clear plastic bag* The sampling line/umbilical cord and Readout
Assembly can similarly be protected by wrapping in clear plastic. The

3*1

001613



wide-area extension probe should be used and can also be plastic-wrapped.
Before anyone crosses the hot line, a background reading should be taken
and recorded. (NOTE: At this point it is imperative that the OVA opera-
tor checks to see Chat the SAMPLE INJECT VALVE is in the UP posit ion. If
the valve is ia the DOWN position, air will be scrubbed through the acti-
vated charcoal f i l ter.)

Operation
The site characterization is carried out with the wide-area probe

being continually moved around in horizontal and vertical arcs as the
operator is walking. The times one (XI) scale should be used initially,
and sensitivity can be reduced as conditions dictate. Conditions such as
wind direction/speed and air teirperature, which affect the presence or
movement ot air contaminants, should be noted. It is also suggested that
a sketch of the site layout be carried so that OVA readings can be noted
on it. Special attention should be given to those areas which might be
sources of vapors or gases. These would include stored drums, tanks,
lagoons, etc .

Methane vs. Mon-methane Organics
The presence of methane at landfill sites may result in significant

OVA response . In the absence of an hNu, which would not respond to rreth-
ane, the following simple operation with the OVA can be used to determine
whether the response is due to methane or volatile organics. (Figure 3-1
summarizes this discussion.)

(1) Hold the probe in the area where a response has been regis-
tered.

(2) When a fairly constant (5 to 10 seconds) reading is observed,
depress the SAMPLE INJECT VALVE. This introduces a 250 ul ali-
quot of the ambient air to the GC column and directs all subse-
quent ambient air through the activated charcoal filter. If
methane is present, two responses will be seen. The needle on
the Probe Assembly meter will deflect quickly upscale, since
the methane elutes within 1 to 2 seconds. Secondly, the con-

vO
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DEPRESS SAMPLE INJECT VALVE

A
NO

TOTAL CONCENTRATIONREADING REMAINSTHESAME

DOES
TOTALCONCENTRATION

DECREASE
SIGNIFICANTLY

YES

VOLATILE OTHERTHAN METHANE IS PRESENT

METER NEEDLE .MOVES SHARPLY!
UP SCALE AFTER;

? -2 SECONDS

u»I

ARE FURTHER METER
RESPONSES NOTED?

MAJOR COMPONENT
CAUSING RESPONSE

IS METHANE

NO FURTHER
METER RESPONSES;PUSH BACK FLUSH

BUTTON

MIXTURE OF
VOLATILE

COMPONENTS

IS THEREA METER
RESPONSE?

YES

SINGLEVOLATILE
COMPONENT

Figure 3-1 DETERMINATION OF METHANE VERSUS NON-METHANE ORGANICS (A)
AND SINGLE VERSUS MULTI-COMPONENT ATMOSPHERES (B)
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certtration before and after activating the SAMPLE INJECT VALVE
will noc be that much different: if methane is causing the re-
sponse, since the methane will not be scrubbed out by the acti-
vated charcoal. If heavier volatile organics are the major
sources of the response, there will be a significant decrease
in the concentration reading after the SAMPLE INJECT VALVE is
depressed, since those volatiles will be scrubbed out by the
activated charcoal. Additionally, as the compounds elute from
the GC column, an upscale meter deflection will occur each time
a compound reaches the detector. Observation of this response
can also help the operator determine whether the volatile con-
taminants are present as a mixture or as a single component.

(3) After several minutes have elapsed, the BACKFLUSH VALVE should
be activated. Any significant upscale deflection of the meter
needle is indicative of the presence of an additional component
which has not yec eluted from the column. Note that a slight
upscale motion occurs upon activation of the valve. This in-
formation would be integrated with the other data gathered in
the course of evaluating the site's air quality,

(4) Following several minutes of backflush, the SAMPLE INJECT VALVE
should be returned to the UP position before taking readings at
a new location. It is not necessary to reactivate the BACK-
FLUSH VALVE at this point.

Decent ami nat iojt
During the on-site characterization work, all care must be taken to

avoid bringing the OVA into direct contact with contaminants. When on-
site worl- is completed} any disposable material used to protect the in-
strument should be removed and disposed of with other items from the
field operation. A plastic sheet should be provided at the hot line for
an equipment drop.

Data Evaluation
The data obtained from an initial air characterization must be in-

O
O
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corporated with all other available information and observations obtained
during the initial site entry. If no readings above background were re-
corded, there must be information or observations which can rule out the
presence of non-detectable vapors or gases ( i . e . , inorganics) before a
reduction in the level of respiratory protection is allowable. If sig-
nificant readings attributable to non-methane organics were recorded,
further characterization must be undertaken before air-purifying respira-
tors may be selected for respiratory protection over self-contained
breathing apparatus (SCBA). Sections 5 and 6 provide detail for further
site air quality characterization work. Caution: It should be noted
that the air quality of a site, as determined by an initial site entry
walk-through, becomes altered by a variety of activities or conditions
which may induce or accelerate the volatilization of potentially hazar-
dous substances. These activities or conditions include temperature
changes, excavation work, soil boring work and other types of remedial
work. Further monitoring will be necessary during these activities in
order to determine air quality.

Limitations of OVA Use for Ambient Air Characterization
Use of the OVA for site ambient air characterization has the follow-

ing limitations:

o The lower limit of detection for survey mode operations is 1 ppm
in air. Seme air contaminants have lower odor thresholds than 1
ppm ( e . g . , HoS has an odor threshold of 5 ppb) .

O
O
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o In the survey mode, responses are read as total organic vapor
concentrations. Further work is necessary before decisions can
be made about the level of respiratory protection (see Sections
4 and 5).

o The hydrogen flame in the OVA FID can operate at an oxygen con-
centration of 16 .0% . Therefore, flame-out of the FID due to oxy-
gen depletion will not give the same indication of oxygen concen-
tration that an oxygen meter will.

3-5
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o The OVA will not indicate the presence of inorganic species.

o A relative humidity greater than 952 will cause inaccurate and
unstable responses.

o A temperature less than 40*F will cause slow and poor responses.

3 . 1 , 2 Use of the hNu for Ambient Air Characterization
Preparation

The hNu can be prepared for on-site air characterization by first
starting it up (Section 2 . 3 . 5 ) and then taking steps to protect it from
contamination by bagging the Readout/Control Assembly in plastic, wrap-
ping the power cord in plastic, and bagging the Sensor/Probe Assembly.
Care should be taken to avoid covering the air sample inlet. Before any-
one crosses the hot line, a background reading should be taken and re-
corded. Initial operation should take place with the function switch set
on the 0 to 20 ppm range.

Operation
On-site air characterization is carried out in a manner similar to

that described above for the OVA. The function switch should remain set
on the 0 to 20 ppm range, with changes made to the less sensitive ranges
as site conditions dictate.

Use of the 1 1 . 7 eV and 10 .2 eV Sensor/Probe Assemblies
The initial survey should be made with the 10 .2 eV Sensor/Probe

Assembly* Although the 1 1 .7 eV assembly detects a greater variety of
compounds, its operating life is considerably less than that of the 10 .2
eV. If significant readings are noted at various site locations, the
10 .2 eV urit can be exchanged at the hot line for the 1 1 . 7 eV unit.
(Note ; Turn the instrument OFF when charging Sensor/Probe Assembl ies .)
Second readings can then be made where response to the 10 .2 eV unit oc-
curred.

If significant differences between the two readings are noted, Ap-
pendix C can be consulted for the possibility of ruling out the presence
or absence of certain groups of contaminants on the basis of ionization
potential. Qualitative identification is not possible.

3-6
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The fact that neither the 10 .2 nor 1 1 .7 eV Sensor/Probe Assembly
will respond to.methane is helpful at a landfill site since the hNu will
register response only to those compounds of greater interest. If an OVA
is used in tandem, the difference in response between it and the hNu can
help to approximate total concentrations of methane and non-methane or-
ganic 3. Additional information can be interpreted from the knowledge
that the hNu may also respond to certain inorganic vapors or gases .
Decontamination

Decontamination procedures are the saee as outlined above for theOVA.

Pat a Evaluat ion

As is the case with evaluating data obtained from an initial site
air characterization using the OVA, the hNu readings must be integrated
with other available data. Of possible significance is the fact that the
hNu responds to inorganic species as well as organic.

Limitations of hNu L'se for Ambient Air Characterizat ion
Use of the hNu for site ambient air characterization has the follow-ing limitations:

o The lower limit of detection for the instrument is approximately
1 ppm. Some air contaminants have lower odor thresholds than 1ppm.

o Further site work is necessary before decisions can be made about
the level of respiratory protection.

o Since the hNu operates on the principle of photoionization, vari-
ations in oxygen concentrations will uot affect detector opera-tions.

o Since the hNu does not respond to methane, an explosimeter and
oxygen meter should be used on initial site entry or in areas

MD
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where potentially explosive concentrations of methane could accu-
mulate.

o The "capture velocity" of the hNu is less than that of the OVA.
This means that the air sample inlet of the Sensor/Probe Assembly
must be closer to a gas/vapor source than the OVA probe. Also,
air from a smaller area is drawn in by the hNu. The use of ac-
cessory pumps to increase the capture velocity is currently being
evaluated.

o When the air temperature is below 40"F, fogging of the UV lamp
source may occur, reducing response (See Section 2 .8 .2 ) .

o A relatwe humidity higher than 95J will cause inaccurate and un-
stable responses.

O
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3.2 IDENTIFICATION OF POTENTIAL SAMPLING POINTS
Both the OVA and the hNu can be of value in helping to locate con-

tainers and/or areas of a site which might produce samples having sig-
nificant concentrations of contaminants. The types of contaminants de-
tected in this application are generally volatile organic compounds,
unless the hNu is being used to detect an inorganic vapor or gas . This
type of activity should follow the initial site entry/ambient air charac-
terization operations described in Section 3 . 1 . Additionally, the level
of respiratory and personnel protection used for identifying potential
sampling points should be carefully evaluated since the potential for
exposure to contaminants is greater.

3 . 2 . 1 Containers
The sampling probe of either the OVA or hNu can be inserted into the

headspace of any open containers, such as drums or tanks. This operation
should be performed with the hNu function switch set on "0 to 2000."
This ma£ provide an indication that the contents are volatile, depending
on the length of time that the containers have been exposed to weather-
ing, dilution, e:c.

3-8
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CAUTION: Avoid inadvertenC immersion of the probe into the container
contents. Should this happen, shut down the instrument immedi-
ately and take it off-site for immediate cleaning.

3 . 2 . 2 Soil
A "quick-and-dirty" identification of potential subsurface soil sam-

pling points can be trade by using a shovel to dig shallow holes and plac-
ing the probe of the hNu or OVA into the hole to detect the presence of
spilled, leaked, or discharged volatile organics. A scaled-up version of
this technique could involve the use of a backhoe to excavate test pits.
This technique is a relatively fast and inexpensive way to track subsur-
face contaminant migration without actually installing bore holes and
wells .

An approach which is in the prototype phase of development is to
drive a hollow soil probe into the ground, use a portable "acuum pump to
withdraw vapor from the probe and take a reading with the hNu or OVA. In
this way, it would be poss ib le to track shallow subsurface contamination
with minimal disturbance and cost .

CAUTION: Any subsurface exploration should be preceded by a determi-
nation that buried hazards do not ex i s t . Care should also be
taken to avoid clogging the instruments' sampling probes.

3 . 2 . 3 A i r
An initial site entry/ambient air characterization should have iden-

t if ied any areas on the site where significant concentrations of contami-
nants were noted. This information can provide the basis for a more in-
tensive air sampling program. "Hot spots" previously identified may be
expedient locations from which real-time or integrated air samples may be
taken. (Meteorological 4nd other pertinent data should be evaluated
before initiating an air sampling program. Sections 4 and 5 provide fur-
ther guidance.)

3 .2 .4 Water
See Section 4 for information on locating potential water sampling

points.
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3.3 RESPIRATORY PROTECTION
One of the objectives o* ths ambient air characterization/initial

site entry procedure is to obtain information to help in evaluating the •
level of respiratory protection for subsequent site operations. The
OVA/hNu readings recorded during the initial air characterization are
TOTAL vapor/gas concentrations and, unless further work is done, do not
provide the qualitative/quantitative data which are required by regula-
tory agencies such as the Occupational Safety and Health Administration
(OSHA) and National Institute for Occupational Safety and HealtU (NIOSH)
for setting levels of respiratory protection. Therefore, it is impos-
sible tc safely or legally establish "action levels" for respiratory pro-
tection based upon OVA/hNu readings.

Even if OVA/hNu readings on-sit* do hot exceed the recorded ambient
background level, other site information must also point to the absence
of a respiratory hazard before a decision can be made. Further, if sub-
sequent site activity such as drum sampling or removal or excavation may
alter the air quality, additional monitoring and respiratory protection
will be required.

Thus, if it is determined that a respiratory hazard exists at a
s i te , an SCBA must be worn. Air-purifying respirators are permitted only
wh?n the contaminant identities and concentrations are known, continued
monitoring takes place, and sufficient oxygen levels are present
O190Z) .
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SECTION 4

GAS CHROMATOGRAPHY

4.1 GENE PAL
This section assumes that the reader has a detailed understanding of

gas chroraatography. It is intended to cover the aspects of gas chromato-
graphy that apply directly to the FIT program. For an excellent refer-
ence, see Bastc Gas Chromatography by J. M. McNair and £. J. Bonelli,
published by Varian Aerograph.

4.2 ACCESSORIES
Table 4-1 contains a list of accessories considered to be basic for

conducting a GC analysis. Additional equipment say be necessary for spe-
cific applications. More detailed guidance on analytical standards is
found in Section 6; additional information is found in Appendix E.

CM
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4.3 QUALITATIVE ANALYSIS
Unknown chemical compounds can be identified by gas chromatography

by a comparison of their retention times with known compounds. The re-
tention time is generally defined as that time from injection to peak
maxima. With proper flow and temperature control, it can be reproduced
to 12 under laboratory conditions. Several compounds may have close, or
even identical, retention times, but each compound has only one specific
retention time under a given set of conditions. The presence of other
components does not effect a compound's retention time.

A standard set of reference compounds is being prepared for use in
the FIT Project (See Section 6). Their retention times must be estab-
lished on each column prior co a field operation. Since the columns are
not temperature-controlled, thjir retention times will vary considerably
from the laboratory to the field. However, by keeping track of the tem-
perature, plots can be established relating retention time to tempera-
ture. With experience, the relationship of retention time to temperature
should became fairly well understood.
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TABLE 4-1
ACCESSORIES NEEDED FOR GC ANALYSIS

Quantity

1
1
1
1
2
1 ,
2
1
2
1
1
1
1
1

Description

Isothermal Column: G-24
Isothermal Column: 16 (PIP Assembly)
Isothermal Column: T-12
Teflon k Tape with dispenser
Sept urn a (12)
1/8" plastic column caps (250)
500 ul syringe (Syringe model #1750)
250 ul syringe (Syringe model #1725)
10 ul syringe (Syringe model # 701)
5 ml syringe (Syringe model # 1005)
10 ml syringe (Syringe model #1010)
5 liter Mylar bag
Charcoal Type GI 1-lb container
Chart Paper (Linear) :

Type "WA" (includes 6 roils)

Product Number*

_ —
511805*1
—

HGC-070
HGC-125
HGC-163
HCS-204
RCS-203
HCS-001
HCS-02C
HCS-021
HGC-279
—

CSC- 008

CM
MD
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*From Foxboro/Wilkes (Analab,-Century System) catalogue.
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4.4 QUANTITATIVE ANALYSIS
The OVA is calibrated to respond quantitatively to methane. In

order to perform quantitative analysis, reference standards must be pre-
pared for each compound of interest (See Section 6). By comparing the
peak height of the standard, it is possible to establish fairly reliable
quantitative data in the field. More time-consuming techniques, such as
the analysis of the area under the peak generated by the compound, are
not field expedient. As in the case of qualitative analysis with the
OVA, the quantitative data should not be the final word. These data
should be used to assist in further work and can be incorporated into
decision criteria used to evaluate a scope of work.

4.5 COLUMN SELECTION
There are three basic columns available from Foxboro-Wilkes (Ana-

labs):

"T" - IX 1 ,2 ,3 Tris (2-cyanoethoxy) propane (also known as TCEP) on
Chromosorb W HP, 60/80 mesh.

"G" - 10% OV-101 on Chromosorb WAW - DMCS treated 60/80 mesh.

"B" - 3% Diisodecyl Phthalate on Chromosorb WAW 60/80 mesh.

The columns are available in 8-, 12- , and 24-inch lengths. The "T"
column is a high polarity column, "G" is medium polarity, and "B" is low
polarity. In order to have an efficient separation, the column should
have a polarity similar to that of the chemical composition of the mix-
ture being separated. Table 4-2 lists the approximate polarity of sever-
al different classes of chemical compounds.

Obviously, there is no one column that will separate all chemical
compounds. The problem is complicated by the fact that many of the mix-
tures encountered on hazardous waste sites are composed of compounds of
widely different polarities. For general-purpose separations, the "G"
column is most useful. Field experience has also confirmed the useful-
aeas of the "T" column.
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TABLE 4-2

APPROXIMATE POLARITY OF SEVERAL CLASSES OF COiMPOUNDS

Water
Glycol, Glycerol, etc.
Hydroxy acids
Polyphenols
Dibasic acids
Alcohols
Fatty acids
Phenols

Group I: High Polarity
Primary amines
Secondary amines
Oximes
Nitro compounds ( -H)
Nitriles ( -H)

Ethers
Aldehydes
Tertiary amines
Nitriles

NH3, HFt HCN

Group II: Intermediace Polarity

CM
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Ketones
Esters
Nitro compounds

Group III: Low Polarity
Chlorinated hydrocarbons
Aromatic hydrocarbons
Olefinic hydrocarbons

Group IV: Non-Polar
Saturated hydrocarbons
CS2
Mercaptans
Sulfides
ecu.

4-4
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4.6 SYRINGE TECHNIQUES
Sloppy syringe technique can negate the results of the most careful

GC analysis. Thus, before a gas-tight syringe is used, it must be thor-
oughly checked for leaks and proper flow:

(1) Leak-check the syringe by inserting the needle into an old sep-
tum and depressing the plunger. There should be a pressure
build-up.

(2) Check for flow by placing the needle tip in a small amount of
deionized water and depressing the plunger. A flow of bubbles
should be observed.

Gas-tight syringes can easily become contaminated. For critical
inject ions, particularly if they are to be used as evidence in litiga-
tion, a blank must be performed to establish if the syringe is "clean."
Blanks are not as important for routine analysis, for determination of
retention times, etc . However, syringe contamination is one of the most
common sources of errors in GC analysis,

4 . 6 . 1 Injection Method
Hold the syringe in two hands, using one to guide the needle into

the septum and the other to provide force to pierce the septum and to
prevent the plunger from being forced out by the pressure from the GC.
Insert che needle through the septum as far into the injection port as
possible, swiftly and smoothly depress the plunger, hesitate one second,
and withdraw the needle. Operators should practice on old septa to de-
velop the technique.

4 . 6 . 2 Syringe Cleaning Procedure
If a gas-tight syringe becomes contaminated, the easiest method of

cleaning is to bake it in the oven at 105 *C overnight. It may be pos-
sible to clean the syringe by removing the plunger, inserting the needle
into the injection port, and allowing carrier gaa to flow through it for
several minutes. See Section 6.2 for instructions on checking syringe
cleanliness.

4-5
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4*7 RETENTION TIMESAppendix F contains a selected List of average retention times for
various chemical compounds. AH temperatures are listed in *C, and all
times are in seconds.
4'8 FLOW RATE AMD TEMPERATUREFor the most reproducible GC analysis, the flow rate of carrier gas
and the temperature of the column should be noted. The How indicator on
the OVA Sidepack Assembly provides s. relative indication of £low rate,
which should remain constant over thf time of the analyses. Appreciable
changes in flow rate may be dealt with by consulting Section 1 . 3 . 9 , The
temperature of the column should be monitored continuously. Temperature
uniformity can be enhanced by wrapping the column in aluminum foil and
keeping the OVA out of direct sunlight.
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SECTION 5

SPECIAL APPLICATIONS OF THE OVA AND hNu

5 . 1 INTRODUCTION
Sect ion 3 described general applications for use of the OVA and hNu,

Most of the regional FITs have or will have the opportunity for more
specialized use of the OVA and/or hNu. The special applications may
include monitoring for vapors or gases and/or actual field analysis.

5 .2 MONITORING
The use of the OVA and hNu for monitoring purposes involves simply

focusing the site ambient air characterization process on a specific
activity. The object ive ia to ensure that the personnel involved in the
activity are not endangered by the changes in air quality caused by the
activity. The following subsections address some specific monitoring
appl icat ions. FIT personnel who are trained OVA/hNu operators are en-
couraged to expand these monitoring applications on the basis of personal
field experience,

5 . 2 . 1 Hyd r o geoIo g i c lnvest igat ions
At s ites where volatile organic wastes are buried, the installation

of bore holes and monitoring wells can expose personnel to a respiratory
hazard. Ofc en , the preliminary air character izat ion of the site and
other data , such aj the presence or absence of wastes on the site sur-
face, may indicate that there is no respiratory hazard. However, the
drill bit may penetrate contaminant-saturated soils or highly contami-
nated groundwater. Depending upon che temperature and other conditions,
dangerous concentrations of volati lea r.ay be present in the area immedi-
ately above the bore hole. The personnel in the immediate vicinity of
the bore hole are at greatest risk. The OVA in the survey mode or the
hNu may be used to monitor the potential for exposure by periodically
placing the sampling probe of the instrument directly at the top of the
bore hole (drive casing). As is the case with ambient air monitoring,
there can b« no "action levels" since the readings will be total concen-
trations. Project personnel must use their best professional judgement,

C\J
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incorporating other conditions, in order to decide whether the use of
SCBA is warranted or whether engineering controls such ad Cans can be
used to reduce the possibility of exposure.

The hNu is better suited for this type of monitoring for several
reasons. First, it will not respond to naturally occurring methane.
Second, it is leas cumbersome and readily operated by a wider variety of
personnel . Third, if an hNu and OVA are available, the hNu can be used
to monitor the drilling operation while the OVA is being used in an on-
location laboratory for field analysis. The probe of the OVA or hHu can
also be used in the drilling area to "sniff" soil core samples as they
are brought up in a split-spoon sampler* Care should be taken to iden-
tify occasional readings caused by exhaust gases from the drilling rig.

5 . 2 . 2 Remedial Response
A variety of remedial response activities can result in altering am-

bient air quality. Use of the OVA and hNu to monitor air quality can
provide real-time data which can be used to evaluate respiratory protec-
tion needs. The following list is representative of the types of work
which, if carried out at sites where volatile organics were th« principal
compounds, might require OVA or hNu monitoring;

o Overpacking or pump transfer of leaking drums

o Transfer of individual drum contents to bulk tanks for removal
and disposal

o Staging/containment operations of leaking drums

o Excavation of buried leaking drums

o Excavation of contaminated soil for removal and disposal

o Emergency or planned containment operations, e . g . , construction
of leachate collection ditches

o Emergency treatment operations, e . g . , air-stripping of contami-
nated groundwater

5-2
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o Emergency/on-site disposal operations, e . g . , on-site incinera-
tion, detonation where risk/coat prohibits off-s ice removal

5.3 FIELD ANALYSIS
The OVA in the GC mode of operation and, to a limited degree, the

hNu can be used in the field to perform preliminary analyses of various
air, water, or soil samples. The data generated can be of significant
value in making field decisions, responding rapidly to an immediate
threat, reducing analytical costs , and selecting future sampling loca-
t ions. The following is a list of several of these iield analytical ap-
pl ications:

o Preliminary volatile organic analyses of soil, surface water, or
groundwater samples obtained during oite inspections

o Analysis of soil core samples for volatile crganics during moni-
toring well installations

o Analysis of drilling wash water samples during monitoring well
installation to prevent accidental contamination of clean wells

o Preliminary analysis of air samples to establish best locations
for integrated sample stat ions

o Rapid preliminary analysis of tap water samplea for volatile or-
ganics

Once samples have been obtained, the field analytical procedure is
essentially common for all types of sample madia. Section 6 details the
procedures for preliminary field analysis, or, sample screening.

vO
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SECTION 6

SAMPLE SCREENING

6 . 1 INTRODUCTION
Preliminary field analysis for volatile organic compounds, or sample

screening, can expand the capabil ities of a FIT investigation. A large
number of sites investigated by FIT have involved the disposal of wastes
containing volatile organic compounds. This presents the opportunity to
use the OVA, and in some cases the hNu, to generate data which can fa-
cil itate an investigation by providing timely information, helping to
focus sampling efforts on appropriate site areas, and reducing field and
analytical costs .

Sample screening can be carried out virtually anywhere, including
the back of a FIT van, a motel room, or the office. All that is required
is a small table (a folding table and chair in the back of a FIT van
makes an excellent field laboratory) and the appropriate accessories tc
support an OVA GC analysis. The following sections discuss specific as-
pects of the sample screening process using the OVA. Sect ion 6.5 de-
scr ibes the process of using the hNu.

i
6.2 WATER SAMPLES

Water samples for volatile organic screening are col lected in 40 to
44 millil iter (ml) septum vials. Samples can be collected leaving an ap-
proximate 25% headspace, or the vials may be completely filled as for
sample collection for laboratory volatile analysis. (Note : For all OVA
work, Injected samples muflt^ be either in the gas or vapor s ta te . ) Start-
ing with a completely filled vial will allow a more precise quantitative
analysis, as a syvinge can be inserted through the septum of the vial to
withdraw exactly 25? of the total volume, giving a 25Z headspace from
which to draw vapor for analysis. (Note; All samples injected in the
OVA must be either gas or vapor.) A syringe needle must also be inserted
through the septum at the time of withdrawal to allow air to enter the
headspace as water from the full vial is drawn out. The analysis of. the
samples can be described as four phases: total volatile screening, GC
screening, compound identification, and quantitation.

6-1
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6 . 2 , 1 Total Volatile Screening
This phase allows an operator to rapidly determine whether any vola-

tiles are present in a large number of samples. The elements of the pro-
cess are:

uIIII

(1) Water samples with 25% headspace (tray be approximate or deter-
mined by syringe, as previously described) are allowed to reach
the surrounding air temperature (back of van, office, etc . ) . A
water bath may be used to accelerate the process, if needed.

(2) Each sample is shaken vigorously for about 120 seconds to drive
volatiles from the water into the air headspace above the
water.

(3) The OVA is started up and allowed to run for several minutes.
The column temperature should bs given time to equilibrate with
the surrounding temperature.

For this process, the BACKFLUSH VALVE must be in the DOWN posi-
t ion. The SAMPLE INJECT valve may be in the UP position if the
ambient air is relatively clean or in the DOWN position if
there might be interfering volatiles present ( e . g . , from drill
rig exhaust) which will be scrubbed by the activated charcoal
fi lter with the valve in the DOWN posit ion.

A gas-tight syringe is flushed several times in "clean" air, A
check for syringe cleanliness can be made by inserting the
syringe into the injection port of the OVA and slowly depress-
ing the syringe plunger while watching the read-out mater.
Note that any injections made with the BACKFLUSH VALVE in the
DOWN position will go directly to the FID without going through
the column. If the read-out meter responds while the blank in-
jection is being made, the syringe is dirty and should be
flushed again; A second blank injection should then be made.
If the syringe is heavily contaminated, it should be cleaned ae
described in Section 4 .6 ,

6-2
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(6) The gas-tight syringe is used to withdraw vapor from the head-
space of the sample. The amount of vapor withdrawn is depen-
dent on tha anticipated concentration of contaminants. For
exanple, 1.0 ml would be a recommended starting volume for a
drinking water sample, whereas 250 ul would be a starting vol-
ume for an on-site monitoring well. Depending on the response
of the initial injection, a second injection can be made for
confirmation. Up to 5.0 ml may be needed for concentrations in
the low part-per-billion range. Highly concentrated samples
may yield a response even before the plunger is depressed,
since the vapor diffuses rapidly from the syringe.

(7) The Strip Chart Recorder is started up, and the vapor is in-
jected into the GC column injection port. In injecting this
sample, it is not important to introduce the sample all at
once, as in running a chromatogram. The sample should be in-
troduced relatively slowly to avoid blowing out the flame in
the FID. As the syringe plunger is depressed, the needle on
the read-out meter and the pen (imprinter) on the Strip Chart
Recorder will respond to the pressure produced by the injec-
tion. This response should not be misinterpreted as a response
to the presence of volatiles, which may take place in 1 to 2
seconds .

oo

(8) If volatiles are present, a "backflush" peak will be recorded,
and an upscale response of the needle on the read-out meter
will be noted. Vf no volatiles are present, there will be no
peak and no response.

(9) The "backflush" peak height and duration of the upscale re-
sponse related to the injection size are indicative of the
total volatile organic compound concentration in the sample.

( 10) The sample number and injection size should be recorded direct-
ly on the strip chart paper. (See Section 8 and Figure 8-1 . )
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(i l) After each sample, the gas-tight syringe should be flushed and
a blank injection made to check cleanliness.

By using the technique described above, it is possible to quickly
separate chose samples not having volatiles and thus not requiring any
further analysis from those containing volatiles. The latter samples
will subsequently be run through GC screening.

6 . 2 . 2 GC Screening
The second phase of OVA sample screening involves running chrooato-

grsms on those samples which showed "backflush" peaks during the total
volatile organic screening phase. The elements of the process are:

in

(1) the BACKFLUSH VALVE is placed in the UP position so that the
injected sample will run through the column.

Oo

(2) A headspace vapor sample is withdrawn from the sample vial with
a clean gas-tight syringe. The amount of vapor withdrawn is
dependent on the best judgement of contaminant concentration
from the response recorded during the total volatile screening
of that sample. The size ma;- be altered as subsequent injec-
tions are made.

(3) The sample is introduced into the GC column with the Strip
Chart Recorder running. The proper injection technique is im-
portant here, i . e . , injecting the sample all at once. The in-
jection event should also be marked on the strip chart.

(4) Many watct samples contain significant concentrations of meth-
ane, which elutes from the columr in 1 to 2 seconds. (This
screening phase may reveal that some samples showing "back-
flush" peaks during the total volatile screening contain only
methane.) Because the methane may extinguish the FID flame in
some instances, the operator should be prepared to relight the
flame. It is not necesjsry to abort the chroraatogram at this
point, since the flame can usually be reignited within a few
seconds.
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(5) Depending on the column being used and the column temperature,
the chroraatogram should be run for several minutes. The BACK-
FLUSH VALVE should then be depressed and the Strip Chart Re-
corder left running to record a total "backflush" peak which
will occur if heavier compounds are still in the column. Keep
in mind that activating the BACKFLUSH VALVE reverses the flow
of carrier gas in the column, in this case sweeping the regain-
ing compounds to the FID, where they are recorded as the "back-
flush" peak.

(6) The column should be allowed to backflush for 1.5 times the
length of the chromatogram. \Q

(7) If a chromatogram is to be run on a different sample, the
syringe should be flushed with ambient air several times and
checked for cleanliness by making a blank injection directly to Q
the FID, before placing the BACKFLUSH VALVE in the UP position
for the next chromatogram.

(8) Chromatograma of blank injections should also be made at inter-
vals during the analysis.

(9) Experience has shown that a shorter column such as a T-6 is
useful for initial chromatograms, especially under cool field
condit ions. At uanrer temperatures, the Portable Isothermal
Pack (PIP) assembly may he used. (See Glossary of Terms . )

( 10) If separation problems occur, longer columns or columns of dif-
ferent polarity may be employed.

6 , 2 . 3 Compound Identificatior
After chromatograms have been run on all samples showing the pre-

sence of volatile^, the samples containing only methane can be eliminated
from further consideration. The 'next phase in sample analysis is com-
pound identification, which requires the availability of a set of stan
dardsmade up of volatile compounds likely to be water contaminants (see
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Section 7 for information on standards)* Since it is not feasible to
have field standards available for all volatile organic compounds, it is
important to check any available site background data which might iden-
tify compounds likely to be found.

The following approach is suggested for compound identification:

( 1 ) From a set of master analytical standards, a variety of mix-
tures of dilute aqueous solutions of volatile compounds can be
prepared. For example, a solution containing benzene, toluene,
xylene, and ethylbenzene could be prepared. Another solution
containing trichloroethylene, 1,1, l-trichloroethane, and tetra-
chloroethylene could be prepared, and so on. The elution or-
ders of the compounds in these mixtures will be constant for a
given GC column and previously determined. (See Appendix F.)
Chromatograms of these "knowns" are then made under the same
conditions as the samples by making injections of headspace
vapor.

(2) The chromatograms of the "known" mixtures are compare! to those
of the samples to determine if there are apparent :etention-
t ime matches.

(3) Apparent retent ion-time matches are noted and a different GC
column fitted to the OVA. Chrooatograms are run on the new
column for the samples and the "knowns," and retention times
are compared again.

(4) A retention-time match on two different columns provides a
fairly reliable identification; however, the requirements for
absolute positive identification are more stringent (Section

FIT OVA operators are cautioned to include the word4 . 3 ) .
"tentative" or "preliminary" in all statements of identifica-
tion. Figure 6-1 provides a schematic representation of quali-
tative technique.
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Column: T-5
Gain: "HI"

(1) (31

00

oo

(It 150 uL Injection: (Small t?<ka marks iniaction)
A. 1,1.1*TrienlonMriian«
b. Tricti(oto«thy{*n*e. TaiiceMartHthana
d. Toluan*
*. Ethvtbanzanof. Aw Pcafa Ova to 3ackftuah Valv* Activation

(2) 100 uL Infactjon: (Small tplka marto injaction)
* • * ^ * *-1 ,.1,^,4,-^-

(3> 100 uL Injaetion: (Smalt tpik* mack»a. Banzana
b. Toluana& Ethytbaracna
d Onylan*

Figure 6-1 TYPICAL SAMPLE CHROMATOGRAM
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6 . 2 . 4 Quant itat ion
Following tentative identification of compounds in the sample, a de-

termination of concentration can be made if that information is desired.
Quant itat ion requires that dilute aqueous solutions of the compounds to
be quantified be prepared from the master Standards. To make the process
more expedient, peak height is used as the indicator of compound concen-
tration. Preparation of the dilute solutions of known concentration is
addressed in Section 7. An example of peak height analysis to determine
compound concentration is given in Figure 6-2.

6.3 SOIL SAMPLES
Soil samples for volatile organic analysis with the OVA can be pro-

cessed by the same techniques described in Section 6 . 2 . Precise quanti-
tation of soil samples cannot be carried out in the same manner or as
easily as water samples due to differences in soil densities, adsorption
characteristics! moisture content, and other factors. Therefore, deter-
mination of concentrations of soil contaminants will at best be estimates
based upon the OVA's response and the operator's experience.

6 . 3 . 1 Collect ion of Soil Samples
Soil samples are collected in volatile organics analysis (VGA)

vials, leaving a headspace for vapor accumulation. Soil samples may be
collected during installation of monitoring wells by taking small quanti-
ties from a split-spoon soil core. Samples may also be obtained by using
a shovel or hand auger to penetrate the soil surface. Sample-collecting
personnel should be instructed that only subsurface samples are to be
taken since contaminants volatilize from the surface.

6 . 3 . 2 Preparation for Analysis
The samples should be allowed to thermally equilibrate to the tem-

perature of the GC column prior to analysis. If the samples are cold, a
ware water bath can be used to accelerate equilibration and the accumula-
tion of vapor in the headspace. Avoid overheating because higher boiling
components may condense on the GC column upon injection.

O
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(1) Schamatie representation of a 100 uL headspace vapor injection of a wa*K sampte. Compound has pre-
viously bean identified as oentane. Peak height is 5 chart dJvWona.

(2) Schematic representation of e 200 uL headaoaoa vapor injection of e 200 ppb standard prepared from amaster standard. Peak height is IS chart divisions.
The peak height In (1) is twice that of (2), and tha injection *iie of <1) is one-fiatf that of (2). Thenrfore,
tha concentration of the sample it four time* thet of the standard, or 800 ppb.

Figure 6-2 PEAK-HEIGHT ANALYSIS
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6.4 AIR SAMPLES
Air sampled fron. "hot" areas of a site are again analyzed by follow-

ing the procedures outlined in Section 6 . 2 ; however, a greater variety of
techniques may be employed to collect air samples.

6 . 4 . 1 Air Sample Collection
The following techniques are suggested, and it is anticipated that

additional techniques may be proposed from the field experiences of F'JT
personnel.

o Direct Introduction of Sample by OVA SAMPLE INJECT VALVE: The
OVA and Strip Chart Recorder can be donned and taken into a site,
where operation of the OVA in the survey mode can identify a
"hot spot." A chromatogram can be run by activating the SAMPLE
INJECT VALVE and switching the Strip Chart Recorder. Identifica-
tion and quantitation can be accomplished off-site. A limitation
of this technique is that the operator must remain standing still
for several minutes while running the chromatogram.

o Gas-Tight Syringe: An air sample can be obtained with a gas-
tight syringe by returning to an on-site "hot spot" previously
identified by an OVA or hNu survey. The syringe is flushed sev-
eral times iu the contaminated atmosphere, and a sample is drawn
and carried off-site to an area where the OVA is set up for field
analysis. The sample can then be injected into the GC column, a
chromatogram run, and further qualitative/quantitative analysis
performed.

0 M*v Bag Sample: By connecting an intrinsically safe portable
pump to a gas sampling bag, an air sample can be obtained from
locations of interest on a site. The bag is then taken off-site
to the field analytical area where a syringe can be used to
withdraw samples of the air from the bag for injection into the
GC column. An alternative injection method would be to attach
the sample inlet probe of the OVA to the bag valve and perform an
injection of the air frorc the bag by using the SAMPLE INJECT
VALVE.

O
O
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o Adsorption Tubes: By coupling an intrinsically safe portable
pump to a sampling tube packed with charcoal, Tenax or some other
adsorbent, air samples for volatile organic samples can be ob-
tained for subsequent desorption (using a portable thermal de-
sosrber) and analysis with the OVA, Further guidance on this
technique is forthcoming.

6 . 4 . 2 Air Sample Analysis
Qualitative analysis is accomplished by means of the technique de-

scribed in Section 6 . 2 , 3 , while quant itation is carried out using the
peak-height technique. Preparation of quantitative standards is ad-
dressed in Section 7.

6.5 SAMPLE SCREENING WITH THE hNu
The hNu may be used to determine the presence or absence of vola-

tiles in soil or groundwater sampled by using the following technique:

o Collect the soil or water sample in a glass container (VOA septum
vial not needed) leaving a 25% headspace.

o Shake vater samples or allow soil samples to thermally equili-
brate . (Samples may also be warmed in a water bath . )

o Remove sample container cover and insert hNu probe extender into
headspace. Record reading.
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SECTION 7

PREPAAATIOK OF STANDARDS

7. 1 INTRODUCTION
the use of ch* OVA in th« GC aoda ia noc intended Co replace Labora-

tory GC/HS analytic. As a ft*Id analytical instrument, the OVA vill
provid* rapid preliminary qualitative/quantitative data which can facili-
tate field operation* and help laboratory personnel in cheir analysis.

Th« following section* on standard preparation are designed to b«
employed by field personnel using a oinimia amount of equip&ent and time.
Therefore, there is son* latitude in the degree of precision involved in
the preparation of quantitative field standards. It should be recognized
that there vill be absolute numeric*! discrepancies between field and
laboratory-generated data; however, if a reasonable degree of attention
is paid to the preparation of quantitative field standards, the relative
discrepancies between field and laboratory data should be minimal. For
example, the absolute difference between 4,000 ppb and S9OOQ r>pb is
large, but the relative difference is hardly significant. Further, there
is a narked advantage in knowing the concentration of a contaminant in a
relative sense, a« opposed to simply knowing that the contaminant is
present.

7.2 MASTER STANDARD KITS
A set of standards which can easily be taken into the field is need-

ed to perform qualitative and quantitative analyses with the OVA. Ob-
viously, it is impossible to anticipate every type of volatile compound
which aight be encountered. Based <^n compounds coranonly encountered by
regional FIT personnel, an initial set of 23 "master standards" is being
prepared for distribution to each regional OVA operator. Additional
compounds may be acquired by tht regions on a site-specific basis if
background information indicate* that compounds not included in the
initial see are present in significant quantities at a site, table 7-1
is a list of compounds to be included in the initial set. Alto provided
are tht densities of each compound and solubility data. (Solubiliry data
are not presently available for all compound*.)

oo
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TABU 7-1
Fit MASTER STANDARDS

I
•ll

IB*I
r
1 1i
!*1iitiii0iiiii

Compound

1. •DichUr.Mhm (««hyUn. ehlorid.)«r
2. Trichloromethan* (chloroform) U"^-2"
3. Carbon tetrachloride
4. Dichloroethaae (a thy Una dichiorid*)
5. l,2*trano dichloro«thyl«o«
6* Trichloroethylen* (TCE) |^\ •*^"
7. 1,1,1-trichloroetham IV1.-S"
8. Tetrachloroethyleae \C £ "
9. Oiaathyl kctone (acetone)

ID. Mathyl athyl katona <MER)
11. Methyl Uobutyl katoae (MIBK)
12. Benzene ~^£
13. Methyl benzene (toluene) ̂ ^.
14. Chlorobenzene
15. Ethyl benzene °((>
16. Hitro benzene
17. l,2-dim*thyl benzene (0-xyleae) lo <?
18. 1,3-dimethyl benzea* (m-xylene) \of>
19. t,4-dia*thyl benzea* (p-xyUae) |d^
20. ethyl acetate

*Solubility Data Not Currently Available

7-2
*

Denaity
(B/al)

1 .326
1.483
1 .594
1 . 175
1 .235
1 .456
1 .325
1 .593
0.789
0.3 15
0.304
0.879
0.366
1 . 105
0.867
1 . 199
0.368
0.880
0.861
0.9003

Solubility tn H20
(pps at 25'C)

13,000
8,850

770 <^
8,800 ^

MD
1 , 100 Q i
1 .480 .0
*
*

247,000
17 ,000

1 ,780
515
463
152

.--
*
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7.3 COMPOSITION OF MASTER STANDARDS
Each master standard consist* of * saturated water solution of the

particular compound. The standards are prepared by placing a small quan-
t ity (3 to 4 wl) of the pure solvent in a 40 or 44 ml VGA vial with dis-
tilled water. Th« total voluva of. solvent and water should be 73Z of the
vial volume* i . e . , to leave a 25* headspece. An amount of mercury which
is sufficient to cover the vial'e septoa uhea inverted is also placed in
the vial. This prevents loss of the volatile solvent after the septuv
has been repeatedly pierced witn a syringe^

Since the majority of the compounds in Table 7-1 are relatively
itrmiscible in water (notable exceptions are acetone, methanol, PSX, and
MIBK) , two layers will fora iu the vial, one orgaaie and ontt aqueous.
The densities of the individual compounds will determine whether the
organic layer is above or below the water. Figure 7-1 ia & schauaeic
represention of master standard vials.*

7.4 USE OF MASTER STANDARDS
The master standards are intended to be used over the long term to

prepire secondary standards for OVA analytical work. The secondary stan-
dards may be prepared for both qualitative and quantitative work. By
using the mercury seal method, the secondary standards will also hold up
over time, the following sections provide sotce specific guidance on the
use of master standards.

vO

O
• O

I
I
I
I

7 . 4 . 1 Qualitative Standards
The basis of the approach to compound identification outlined in

Section 4 . 2 * 3 was the use of a mixture of compounds to establish reten-
tion-time orders which could be employed to match the retention times of
unknown covpounde in a sample. The mixtures are prepared by removing I
to 3 ul of the saturated aqueous layer froa each master standard desired
and placing it in a VGA vial containing approximately 30 oil of distilled
water. A syringe is used to obtain the aqueous portion from the master
standard. Care should be taken to flush the syringe thoroughly with
clean water after each master standard in order to prevent cross-
contairination of standards. For example, a five-component qualitative
standard can be prepared by combining small quantities of each of the

7-3
fa*
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following from. the individual matter standards in one VGA vial: benzene.
toluene, trichloroethylene, tetrachloroethylene, and ethylbenzec*. For
qualitacive confirmation, individual secondary standard* can also be
prepared.

7 . 4 . 2 Preparation of Quantitative Standards (Solubility of
Compound Known)

Table 7-1 lists available solubility data for several of the con-
pounds in the master standards kite. Host of the literature sources
that vere checked list the compounds in Table ?•! as simply "insoluble"
or "slightly soluble." The solubility values given ere at levels which
are often considered to be significant for surface water and groundwater
samples. Considering that laboratory CC/HS data available to FIT report
compounds in low ppb concentration* , the t-ct that toluene is soluble in
water to a level of 513 ppm is indeed significant. The CKC Handbook of
Chemistry and Physics reports that toluene is insoluble.

Where specific solubility values are known, the preparation of quan-
titative standards from the master standards can be relatively fast and
simple. Research performed by the Region I EPA laboratory has confined
that the following approach can provide very reproducible quantitative
standards. Further, the research has shown that variations in tempera-
ture, which can affect solubility values, are not significant enough to
warrant correction. Figure 7-2 illustrates the use of the master stan-
dard and solubility data to prepare quantitative secondary standards.
It is not the intent to provide a rigorous quantitative technique, but
rather to provide field-expedient methods which go beyond simple
qualitative work.

Oo

llIfIf'I
7 .4 .3 Preparation of quantitative Standards (Solubility VnknQwn)

Where solubility data is presently unavailable for some of the stan-
dard compounds, quantitative standards can be prepered, although not a*
conveniently or aa quickly as in the method described in Section 7 .3 .2 .
The quantitative standards can be prepered by making serial dilutions
based on a 1:1 volume/volute relationship, or the density of the compound
of interest can be incorporated into the calculation to yield more accu-
rate standarda* The pure solvent layer of the vaster standard is used.
Figure 7-3 provides a schematic presentation of thia technique.

7*5
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7 . 4 . 4 Preparation of Quantitative Standards for Air Sample Analysis

It is possible to quickly prepare a quantitative air standard by
using quantities of pure solvent which are small enough to vaporize
completely in a 40 ml VOA vial at ambient temperature. Figure 7-4
provides an il lustration of this technique.

The following formula can be used for the preparation of vapor
standards:

Concentration
of

Vapor (ppro)
(ml of pure solvent)
(Volume of container

in liters)

(density of solvent
in g/ml) (24 .45 ) x 10*

(Molecular weight of solvent "
in grams)

NOTE: This assumes a temperature of 25 *C and a pressure of 760 Torrs. CMin
vO

oo

I
IIIIIIII
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1. 1 uL of purv toliww i* withdrawn from th« m«t*r itandard, injMttd into » elwo, tmpty 40 mL VOA viti,•nd iflowcd to vapotiia
2. UtJng tfw formufe prwtnttd in Section 7.3.4, tho eone«ntrition of *• ittndtrd h cuteulittd •§ foftowt:

'~mU' m f n«7<gl "*'••»•«»• s •»»*• f.'.o"V
3. Th* itsndard thus pnparcd miy fa* und tddr«a*c* ttmdtrdi of tmm eono»ntr«tion bv furihtr dilution oni woium*/*oJum« b«ii.

Figura 7-4 PREPARATION OF A TOLUENE VAPOR STANDARD
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SECTION 8

REPORTING OF DATA

8. 1 INTRODUCTION
The following sections address the recording, storage, and reporting

of data generated by field analysis with the OVA. In addition, some sim-
ple "quality assurance" elements of OVA use on the FIT Project are pre-
sented.

8.2 RECORDING AND STORAGE OF DATA
The following information should be written directly on the strip

chart as the actual qualitative/quantitative analysis takes place:

o Date of Analysis: May be recorded once before running a group of
chromatograms on the same date.

in

oo

o Type/Length of Column: For example, "G-24" would indicate a
G-type, 24-inch column. This may also be recorded once before
running a group of chromatograms, if the same column is used.
Whenever the column is changed, it should be noted on the str ip
chart.

o Chart Speed: For the Rus Trac recorder, indicate "slow" or "fast"
gear train. Chart speed should be checked occasionally to deter-
mine the stability.

o Sensitivity Range: XI, X10, or X lOO.

0 Recorder Gain: HIGH or LOW.

o Injection Size: Volume of vapor injected for each chromatogr
recorded.

am

o Sample Numbers

8-1
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o Activation of BACKFLUSH VALVE: Indication of where on chromato-
gram the BACKFLUSH VALVE was activated.

o Purpose of Injection: Indicate whether the injection is a chro-
matogram or a total volatile organic determination.

o Identification of Blank Injections

o Ambient or Isothermal Temperature; Figure 8-1 provides an exam-
ple of the above.

The chromatograms produced for samples obtained for a project will
beeone a permanent part of the project records and file. Chromatograms
can be affixed to the pages of a bound logbook, or they can be mounted on
pages to be included in a three-ring binder. The binder or logbook
should then be stored in the project file* In addition to the chromato-
gi'ams for samples, the chromatograms of standards run during the sample
analysis will be included. The chromatograms or data may not be admis-
sible as court evidence, but the documentation provided by having the
preliminary data readily accessible could be important to the ultimate
outcome of a project.

Information about the conditions during analysis should be recorded
under each affixed chromatogram to supplement the data recorded on the
str ip chart. Figure 8-2 provides an example of how Co store chrornato-
graras in a logbook and what data should be recorded.

in
LH
vO

oo

lIl

8.3 REPORTING OF DATA
As each OVA operator gains experience! the data obtained will become

mere reliable; however, some analyses can elude the most seasoned opera-
tor and mistakes can be made in compound identification* The data gener-
ated by GC analysis in the field are not designed to take the, place of
laboratory GC/MS analysis, but rather to supplement laboratory analysis
and to provide a means for field personnel to obtain data quickly in
order to improve the technical approach of their work or increase their
response capabilities in emergencies*

Therefore, when supplying OVA data for a report or memorandum, it is
important that two adjectives accompany the results. All identification

8-2
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(1)

(1) 1/4/83G-24
Sff*C
100 uLNo. 12
TF10
X10
LFAST

(2) T-12
SLOW
ISOuL
Ma 14
XI
H
BF

(3) lOQuL
blank

(2) (3)

Data of «nalvM
Ambiant tamparatk:*Infection iii«
Sample numbtr
"to (l«n« ionijitton dcdctor"; indkctM intKtlon with b«:k«uih vrfv« In down poiitkmOVA tmitfvlty tmg»

oo

Gi v train uttd
Column chan^d to *fi from typ«m H)Raoonfaf o^<r train changed
InfvctJon tii«
Svnpl* numfaar
OVA tanaitivitv fana»
Aaeardar gain ttttingBaekfluah vatvt activated

Uank iniaetion

Figure 8-1 DATA TO BE RECORDED ON STRIP CHART
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TOD.: OATS:

AFFIX CHftOMATOORAM
NUMBER PEAKS IN SEQUENTIAL OHOIft

COLUMN
TYPE OF INJECTION
STANDARDS) . . . .

in
vOs^-oo

TEMPERATURE
flANGE SETTING
INJECTION VOLUME

COLUMN FLOW RATE,
RECORDER MTTINO.
DILUTION FACTOR _

QUALITATIVE/QUANTITATIVE ANALYSIS

PEAK NO. QUALITATIVE ID QUANTITATIVE OCAtt CONFIRMATION COMMENT

COMMENTS: OPtHATORl

Fiflura 8-2 STORAGE OF DATA
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of compounds should be reported as "tentative" and quantitations should
be reported as "preliminary." This is especially itrportant if the site
is involved in litigation or there is a serious public health threat.
The use of "tentative" or "preliminary" is not to be viewed as a means to
hedge on OVA analyses. the inherent difficult ies in GC field analyses
Bake it necessary to clarify that the data obtained is indeed prelimi-
nary.

Further, if no compounds are detected with the OVA, it should be re-
ported that no contaminants were found «t "the limits of detection" of
the instrument. Ihe Haiti of det«ction vary with the response of the
instrument to « given compound.

8. f t Ql'Atm ASSURANCE
A tuo-nh«iid quality aiiuranct (QA) program will ba initiated in

order to maintain documentation of th* us* of the OVA for field analyses
ir tht FIT ?tgian* and to cnture that the data produced is ci reliable as
p04>«ib ie . tb« elaments of this Q.. p.'egras> arc descr ibed as follows.

f t ' ^ - l Chromitogroa of Standarda
Each cartitfitd OVA op«?ator will subsnit to the FIT NPMO chromato-

grtsis of each of the volatile compound* included in the master standards
k i t . Information About fch* analysis should be wr i t ten on the ehroaato-
grap, including column, chare speed, temperature, in ject ion s i z e , and
standard compound ident if icat ion,

8 . ^ . 2 Qual ity Assurance Sapple9
On a r«guU? ba«is, the NPMO will send sampleb to the regional OVA

operators foe* analys is . the results And chro&atograms of the samples
will b< returned to th« NPHO within the specified tixe. The purpose of
this procedure is to tinsure th« quality of OVA data being generated with*
in the regions and to identify any problem* being encountered. Where
problems art identified, assistance will be provided by the NPMO to the
regions.

COin
vO
T-oo
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SECTION 9

RESOURCE LIST

Below are the naires, addresses and telephone numbers of individuals
who may be able to answer questions or provide help for problems encoun-
tered during the use of the OVA and hNui

9.1 OVA

Paul Clay, AFITL, Region I
30 Cummings Park
Woburn. HA 01801 (6 17 ) 935-0228

John Panaro. Chemist, Region I
30 Cummings Park
Woburn, MA 01801 (6 17 ) 935-0228

Dr. Thomas Spitt let , EPA Region I
60 Westv iew Street
Lexington, MA ( 6 1 7 ) 861-6700

Latry Robinson, OVA Repair/Maintenance
Foxboro-Wilkes
140 Water Street
S, Norwalk, CT 06856 (203) 853- 1616

William Goode, Region V
223 West Jackson Boulevard
Chicago. IL 60606 (312) 663-94i5

9.2 Mju

Paul Clay, AFITL, Region X
30 Cummings Park
Woburn, MA 01801 (6 17 ) 935-0228

9-1
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hNu Systems, Inc.
Service Depc.
(6 17 ) 964-6690, Ext. 42

Will iam Goode, Region V
223 West Jackson Boulevard
Chicago, IL 60606 (3 12 ) 663-9415

Geoff Hewitt, General Sales Mgr.
hNu Systems, Inc.
30 Oasipee Road
Newton, MA 01264 (6 17 ) 964-6690

9,3 PROJECT COORDINATION

Robert King, FIT/ANPK
1700 N. Moore Street
Rosslyn Center
Arlington, VA (703 ) 522-6065

O
\O
vO
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IROlfRLC SHOQHNC - MHOC OPfftATION

I) Low sample flow rate on flow indicator.
Nominally 2 units on flow gauge. (See
also 6 below)

IKflUBLE SHOO (INC PROCEDURf

a) Check primary fitter in sidepacfc and particle
filters in the pickup assembly.

b) Determine assembly containing restriction by
process of elimination^ i.e., remove probe,
remove Readout Assembly, remove primary
filter, etc.

c) If the restriction is in the Side Pack Assem-
bly, further isolate by disconnecting the
sample flow tubing at various points, i.e.,
pump output, chamber input, etc. Note; fhe
iitierent restrictions due to length of aaapla
line, flam arrestora, etc., must be taken
into account when troti»le shooting.

REMEDY

Replace or clean filter if clogged.

Investigate the assembly containing this
restriction to determine cause of block-
age. Clean or replace as required.

ff tn the detector chamber, remove and
clean or replace porous Metal flame
arrestore. tf pump ts found to be the
problea, remove and clean or replace.

2) HZ flaw will not light.
(See also 6 below)

a) Check sample flaw rate (see t above)

b) Check igniter by removing the dvawber exhaust
port and observing the glow when the IGNEfC
Button is depressed.

c) Check for rated H2 Supply Pressure. (Listed
on catibrut ton pi ale on puop bracket.)

d) Check H2 flow rate by observing the P5I de-
crease tn pressure on the H2 Fank Pressure
^uuge. The flow rate should be ffcoul 130 PS I
decrease in pressure per hour. (Approximate!)
12 cc/Min> at detector.) On instruments with
CC Option, disconnect column and measure H2
flow rate with a bubble meter.

e) Check all H2 ptuebinq Joint a for leaks using
soap bubble solution. Also, aftut off alt
valves and note pressure decay on H2 tank
gauge. 1C should be less than 350 PSiC per
hour. 0 0 1 * :

If sample flow rate is low, follow pro-
cedure I above.

If igniter does not light up, replace the
plug. If igniter atttl does not light,
check the battery and wiring.
If low, remove battery pack and adjust to
proper level by turning the alien wrench
adjustment on the tow pressure regulator
cap.
Ihe normal cause for H2 flow restriction
would be a blocked or partially blocked
capillary tube. If flow rate is margin-
ally low, attempt to compensate by in-
creasing the H2 Supply Pressure by one-
half or one PSI. If flow rule cannot be
compensated far, replace capillary tubing.
Repair leaking joint.

6 2
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ffinilHtf SHOOfINK - SIIRVfY HOOF OPfRATION

IROUBLE

2) Continued from Paqe A-1
TROUBLE SHOOTING PROCEDURE

f) Check to see if K2 supply system is frozen up
ty taking unit into a Harm area.

g) Remove exhaust port and check for contamina-
tion.

h) Check spacing between collecting electrode
end burner tip. Spacing should be 0.1 to
0. 15 inches.

REMEDY
tf there is moisture in the H2 supply
Byeten and the unit must he operated in
subfreezing temperatures, purge the H2
eye ten with dry N2 and ensure the H2 gas
uaed ia dry.
If the chamber ia dirty, clean with ethyl
alcohol and dry by running pump for
approximately 15 minutes. If H2 fuel jet
ia misaligned* ensure the porous netel
flame srreator is properly seated.
Adjust by serening Hixer/Bumer Assembly
in or out. thia spacing problem should
only occur after reassembling a Mixer/
Burner Assembly to a Preamp Assembly.

Is* 3) HZ flame lights but will not stay
1ighted

a) follow procedures 2 (a), (c), (d)B (e)» (g)»and (h) above. Also refer to 5 below.

4) flame-out alarm will not go on when
HZ flame is out

a) Check instrument calibration setting and GAS
SELECT control setting.

b) Remove exhaust port and check for leakage
current path in chantier (probably moisture or
dirt in chamber).

c) If rtove procedures do not resolve the prob-
lem, the probable cauae la a malfunction Ln
the preamp or power board assemblies.

d) Check volume control knob is turned up.

Readjust as required to proper setting.
Note that on linear OVA'a the flame-out
alarm te actuated when the oeter reading
goes below zero.
Clean contamination and/or moisture from
the chamber using a swab and alcohol, dry
chamber by running pump for approximately
15 minutes.
Return preamp chamber or power toard
uenembly to the factory for repair.

Adjust for desired volume.

0 0 1 6 6 3
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TRQUBIE SHOOTING - SURVEY MODE QPfcRAHCN

IROUBLE

5) Falee Flame-out Alar*.
TROUBLE SHOOTING PROCEDURE

a) flame-out alarm is actuated on linear instru-
ments **\en signal goes below electronic zero
(even though flame is at til 01). This can be
due to inaccurate initial Getting, drift or a
decrease in ambient concentration. Verify if
this is the problem by zeroing neter wtth
flame out and reignitinq.

REKDY
When using the XI range, adjust meter
to 1 ppn rather than zero. Be sure in-
strument hag been zeroed to "lowest ex-
pected art)ient backqro'jnd level."

6) Slow response time, i.e., tine to
obtain response after sample ia applied
to input.

a) Check to ensure that probe is firmly seated
on the rubber seal in the readout assembly.

b> Check sample flow rate par procedure 1 above.

Reseat by holding the probe firmly against
the rubber seat and then lock in position
with the knurled Locking nut.
See 1 above.

7) Slow recovery time, i.e.* too long a
time for the reading to get back to
ambient after exposure to a high concen
tret ion of organic vapor.

e) This proltlem is normally caused by contamina-
tion in the sample input line, requiring pump-
ing for a long period to get the system clean
of vapors again. Charcoal in the lines Mould
be the worst type of contamination. Isolate
through the process of elimination. (See
Kb)) .

b) Check flan*- rhantier for contamination.

Clean or replace contaminated sample line
or assembly as required.

Clean as required.

8) Ambient background reading in clean
environment is too high.

a) An anbient background reading can be caused b
hydrocarbons in the H2 fuel aupply aystem.
Place finger over sample probe tube restrict-
ing sample flow and if meter indication does
not go dawn significantly the contamination
ie probably in the H2 fuel.

b) An ambient background reading can be caused fay
a residue of sample, building up on the face
of the sample inlet filter. If the teat In
0(e) above produces * large drop in reading,
this ia usually the cause.

Use a higher grade of hydrocarbon free
hydrogen. Check for contaminated fittings
on filling hose assembly.

Remove the exhaust port (it ia not necea-
eary to remove instrument from case), uue
email wire brush fron the tool kit or a
knife blade and lightly scrub surface of
sample inlet filter.

0 0 1 6 6 4
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IMIUfiU SHQQHtC - SURVEY WOC OPERATION

T

TROUBLE
8> Continued fro* Page A- 5

9) PiMp will not run

10) No power to electronics but pump runs

11} No power to pump or electronics.

rftoutt-E SHOOIHC PROCEDURE:
c) An anbient background reading can ataa he

caused by hydrot^n c.«nt a* mat ion in the aanpU
input systea. (he «st likely cause would be
a contMBinant absurted or condensed in the
Simple line. Note; It should be mphaaited
that running the instruaont tends to keep do*
the buildup of background vapors. Therefore,,
run the unit whenever 0099 ibie and store it
with the carrying case open in clean air.

None Possible

None Possible

a) Place battery on charger and see if power >a
then aval table. Recharge in a non-hazardcua
area.

REMEDY
Clean and/or replace the sample input
lines. Manually the lines will clear up
with sufficient running.

Return OVA to auttorized repair facility.

Return OVA to authorized repair facility.

If power is available* battery pack la
dead or open. Recharge battery pack. If
still defective, replace battery pack.

0 0 1 6 6 5
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tftouwr cc MOCC OPERAUON

TKOUBLE

I) Low simple flow rate on flow indicator
IRQUSLt SHOOTING PROCEDURE:

a) Check Teflon tubing on valve aaaenbly for
kinka> etc.

b) Check flow rate Mith valve in down position.

Straighten or replace teflon tubing

Check for over restrict ton of charcoal
filter

2) HZ name «iU not light

*Wi

a) Check column connections on top of jnit to
aure they are tight.

b) Check co turn for eharp benda or kinka,
(Hydrogen flown throuqh thia CO loan at all
times and M sharp bend Mill compact packing
too tightly for proper hydrogen flow.)

c) Check charcoal filter fit tinge to make aure
they are tight.

d) Check Hj flow rate fron the column.

e) Check that the inject and Backflueh Valvaa an
both completely in or out. A part tally acti-
vated valve Mil l block the H2 and air flow
put hs.

f) If a new column was metalled prior to
problem identification, check for proper
hydrogen flow rate through the column (should
be approximately 12 cc/minute).

f iQhten fitt ings

Replace coluwi

lighten fittings

Adjust hydrogen pressure to obtain 12
cc/mn.
tnaura both valves are cither completely
in or out.

Increase hydrogen pressure to obtain
proper hydrogen flow rate or if column
IB excessively restrictive, replace or
repack the column.

3) Ambient background reading in claan
environment IB too high

a) Check for contamination in charcoal filter
assembly, this can be detected if ambient
reading increases when goirtg in to the
chrumaiographtc made.

b) Check for contamination in column.

Replace activated charcoal in charcoal
filter assembly.

Replace or clean column.

0 0 1 6 6 6
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SHOTTING: CC MODE OPERATION

TROUBLE
5> Continued from Pag« A-

TROUBtE SHflQIlNG PROCEWIRf

c) Check for contuounttt ion in coluivt valve
ucttuintily.

REMEDY
Renove valve atems and wipe with clean
lint-free cloth* Meal vulva assembly
during operation to vaporize and remove
contaminants.

4) Haae-out when operating sit her valve a) Endure valves are being operated with a quick,
posit tve «otion.

b)1 Either H2 or atr nay be leaking around one or
•ore of the valve quad rings. Aaaeaa by teate
ant} t)M rang inspection.

c) Oawaqed or morn quad rings caustnt) leak.

Operate valve with a positive notion.

Reatove gtens and tightly coat with sili-
cons grease, only on contact surface of
the "Qn ring. Wipe off excess (do not re-
•OVD quad rings).
Replace quad rings and qrease au above.

fA 5) Excessive peak tailing Change or clean GC coluon and see if problem
disappears.

b) Inspect GC valves for excessive ailicone
grease or contamination.

Ensure colutms are clean prior to use.
If one of a sane type of coluwi tails
worse than others, repack the coluan or
discard.
Excessive lubricant or foreign natter in
the valve assembly can cause excessive
tailing. Clean valve assembly anrl lightly
relubrtcate us required. Lubricant should
be put only on the outside contact surface
of the "Q" ting. Do not get grease into
"0" ring grooves.

0 0 1 6 6 7
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APPENDIX B; COPY OF EXEMPTION LETTER
FOR CARRYING HYDROGEN-FILLED OVA ON

PASSENGER AIRCRAFT
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ONDEPARTMENT OF TRAhJSPOl
RESEARCH ASD SPECIAL PROGRAMS

WASMtN&IOS. DC 205PJ
DOT-E 7607

(F IKST REVISION - CORRECTED COPY)
1 . Century Systems Corporat ion , Arkansas City , Kansas , is hereby'granted
an exemption from those provis ions of this Dep. i t tronnt *s Hazardous Materials
Kpgulat ions specified in paragraph 5 belou to offer packages prescribed
herein of a flammable gas for transportat ion in commerce subject to the
limitations and special requirements specified lie-rein. This exemption au-
thorizes the shipoent of hydrogen in certa in non-DOT spec i f i cat ion cylinder!,
as described in paragraph 7 below, and provides no relief from any regula-
tion other than as specifical ly s t a t e d . Each of the following is hereby
granted the status of a party to this except ion:

U . S . Department of Health, Education and Welfare , Koekville,
Maryland - PTE-1.

2. BASIS. This exemption is based on Century Systems Corporation's appli-
cation dated March 10, 1978, submitted in accordance uith 49 CFR 107 . 105 ^
and the public proceeding thereon. The granting of party status is basedO
en the following expl icat ion submitted in accordance uith 49 CFR 107. I l l \ o
and the public proceeding thereon:

The U .S . Department of Health, Educat ion *and Welfare 's appl icat ion
dated March 13, 1978.

Oo
3. HAZARDOUS MATERIALS (Descr iptor and c lass) . Hydrogen, flawsdbla gai.
4. PROPER SHIPPING NAME (49 CFR 1 7 2 . 1 0 1 ) . Hvdrogen.
5. REGULATION' AFFECTED. 49 CFR 172 . 10 1 , 1 7 5 . 3 .
6. HOD_£ OF TRANSPORTATION AUTHORIZED. Passenger-carrying a i r c r a f t ,
7. SAFETY CONTROL MEASURES. Packaging prescr ibed is a non-DOT spec if icat ion
seamless stainless steel cylinder of not raore than 7 . 2 2 cubic inch uater
capacity; each cylinder to be pressure tested to at least 4000 psig, and
charged to not more than 2100 psig ar. 70*F . The cylinder is a component part
of a portable gas chromatograph.
8. SPECIAL PROVISIONS.

a. Each device taust be shipped in a strong outside packaging
ss prescribed in 49 CFR l?3.30l<k) .
b. A copy of this exemption must be carried aboard each air**
craft used to transport packages covered by this exemption. •
c* The pilot in cooir.and must be advised when the gas chro-
taatograph is placed on board the a i rcraf t .
d. The gas chromatograph must be appropriately secured.

J 8
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Cont inuat ion of 1st Rev. DOT-E 7607 corrected <opy
9. HCrORTlHC REQUIREHEHTS. Any incident involving Joss of contend
pacVjgc tost b« reporred to the Off i c e of Hatardous Mater ia l s Regulat ion as
soon as pract icable.
3°" EXPIRATION.DATE . May 1 , X980.
Issued ac Washington, D . C . :

Alan 1. Robarti
Assoc ia te Director for
Hazardous Mater ia l * Regulation
Mater i a l s Transportat ion Bureau

_
(DATE)"

O
Addroas all inquiries to: Assoc iate Direc tor for Hazardous Hater iaU f*"
Regulat ion, Haurialt Transpor ta t ion Bure i\' , Resiarch and Spec ia l Programs vD
> d .Ttn i » t ra c i on , Dopartmenc of Transportat ion, U»»h io$tof l , D . C . , 20590. T-
Atttnt ion : Exampclons Branch.
Dint : B of E» TAA

DEPARTMENT Of TRANSPORTATION
RSSKAFICH AND 8PKGIAL P^OQRAMS ADMINISTRATION

WASHINGTON. OC

DOT-E 7607

In accordance with 49 CFR 107. IU of the DapuMmont of Transportation (DOT)Hazardous Materials Regulations the party(s) listed below are granted the status of
party to DOT»E 780£,
The expirallon date of tha exemption Is March U, 1952 for the party(s) listed below.This authorization forms part of the exemption and must be attached to it.

//̂Atn I. RobertsAssociate DirectorHazardous Materials RegulationMaterials Transportation Bureau

13 JUNI980
(DATE)

Dist: FAA
EXEMPTION HOLDER
Clayton Environmental Consultants, Inc.
Southfield, Michigan
Foxboro Company
Burlington, MA

APPLICATION DATE
December 5 , 1 979

March 24, I960
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USDepcnmentCrf ftonspOf ration
Research andSpecial ProgramsAdministration

JCO Seventn Si'eei. S <fJ
Wasn"-.gion. 0 C 2C590

DOT-E 7607
(EXTENSION)

I In accordance with 49 CFR 107.105 of the Department of Transportation (DOT)Hazardous Materials Regulations DOT-E 7607 Is hereby extended by changing theexpiration date !n paragraph 10 from December 1, 1983 to September 1 , 1985.
ThU extension applies only to party(s) listed below based on the application receivedin accordance with 49 CFR 107.105. All other terms of the exemption remainunchanged. This extension forms part of the exemption and must be attached to it.

Aian I. RobertsAssociate Director forHazardous Materials RegulationMaterials Transportation Bureau
Dist: FAA

EXEMPTION HOLDER
Foxboro CompanySouth xM or walk, Ct.

r*-

o
o

OCT 27 1983
(DATE)

APPLICATION DATE
September 16, 1983
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APPENDIX C: IONIZATION POTENTIALS OF
SELECTED MOLECULES
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TABLE 01
IQNtZATlON POTENTIALS (IP) OF

SOME ATOMS AND SIMPLE MOLECULES

H
C
N
0
Si
s
F
Cl
Br
I
H2

N2

02

CO
CN
NO
CH
OH
F2
C12

Br?

IP (eV)

1 3 . 5 9 5
1 1 .264
14 .54
1 3 . 6 1 4

8 . 1 4 9
1 0 . 3 5 7
17 .42
13 .0 1
1 1 . 84
10 .48
1 5 . 4 2 6
15 .580
1 2 , 0 7 5
14 ,0 1
1 5 . 1 3

9 . 2 5
1 1 . 1
13 . 1 8
1 5 . 7
1 1 .48
1 0 . 5 5

I2

HF
HCl
HBr
HI
S02

C02

COS
CS2

N20
N02

°3 -
H20
H25
H2Se
H2Te
HCN
C2N2

NH3

CH3ou

IP (eV)

9 .28
15 .77
1 2 . 7 4
1 1 . 62
10.38
12 .34
13,79
1 1 . 1 8
10 .08
12 .90

9 . 7 8
12.80
1 2 . 5 9
10 .46

9 . 8 8
9 . 1 4

13 .9 1
13 .8
1 0 . 1 5
9 .840

12 .98

r\r-
vO

O
O

i C-l
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TABLE C-2
IONIZATION POTENTIALS ( IP) OF

SOME PARAFFINS AND CYCLOPARAFFINS

Molecule IP (eV)

methane
ethane
propane
n-butane
i-but*ne
n-pentane
i-pentane
2,2-diraethylpropane
n-hexane
2-tneChylpencane
3-meChylpentane
2 ,2-ditnethy Lbutane
2,3-dtmethyIbuCane
n-heptane
2,2,4-trimethylpentane
cyclopropane
cyclopentane
cyclohexane
methylcyclohexane

12.98
1 1 . 6 5
1 1 . 07
10 .63
10 .57
1 0 . 3 5
10 ,32
10.35
10 . 18
10 . 1 2
10 .08
10 .06
10 .02
10 .08

9.86
10 .06
1 0 . 5 3

9 . 8 8
9 . 8 5

h-

Oo

C-2
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TABLE C-3
tONIZATION POTENTIALS ( IP) OF

SOME ALKYL HALIDES

Molecule IP (eV)

HCi
C12

CH4

methyl chloride
dichloromethane
trichloromethane
tetrachloromethane
ethyl chloride
1 ,2-dichloroethane
1-chloropropane
2-chloropropanc
1 ,2-dichloropropane
1 ,3-dichloropropane
1-chlorobutane
2-chiorobutane
1-chloro-2-methyipropane
2-chloro-2-me thy Ipropane
HBr

methyl bromide
dibromomethane
tribromome thane
CH2BrCl
CHBr2Cl
ethyl bromide
1 ,1-dibromoethane
l-bromo-2-chloroethane

12.7i
1 1 .48
12 .98
1 1 . 28
1 1 . 35
1 1 .42
1 1 .47
10.98
1 1 . 1 2
10.82
10 .78
10 .87
10 .85
10 ,67
10 .65
10 .66
1 0 . 6 1
1 1 . 6 2
1 0 . 5 5
10 . 53
10.49
10 .51
10 .77
10 .59
10 .29
10 . 19
10 .63

LA

O
O

C-3
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TABLE C-3 (Cont . )
IONIZATION POTENTIALS (IP) OF

SOME ALKYL HALIDES

Molecule

CF2Br2
CH3CF2Ci (Genetron 101 )
CFC12CF2CI
CF3CC13 (Freon 1 13 )
CFHBrCH2Br
CF2BrCH2Br
CF3CH2I
n-C3F7I

1-broraopropane
2-brotaopropane
1,3-dibromopropane
1-bromobutane
2-bromobutane
1-bromo-2-methylpropane
2-bromo-2-mechylpropane
1-bromopenCarte
HI
12
mechyl iodide
diiodomethane
ethyl iodide
1-iodopropane
2-iodopropane

IP (eV)

1 1 .07
1 1 .98
1 1 .99
1 1 .78
10 .75
10.83
10 .00
10,36
1 1 .84
9.96

1 0 . 1 8
10 ,075
10 .07
1 0 . 1 3
9 . 9 0

10 .09
9 . 8 9

10 . 10
10 .38

9 . 2 8
9 . 5 4
9 .34
9 . 3 3
9 ,26
9 . 1 7

vO
r-
vO

O
O

C-4
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I
TABLE C-3 (Cent . )

IONIZATION POTENTIALS (IP) OF
SOME ALKYL HALIDES

I
Molecule

1-todobutane
2-iodobutane
1-iodo-2-Tnethylpropane
2-iodo-2-methylpropane
1-iodopentane

HF
CFC13 (Freon 11)
CF2C12 (Freon 12)
CF3C1 (Freon 13)
CHC1F2 (Freon 22)

IP

9 .2 1
9 .09
9 . 1 8
9 .02
9 . 1 9

1 5 . 7
1 5 . 7 7
1 1 , 7 7
12 .3 1
1 2 .9 1
1 2 . 4 5

f-
r^
vO
T-oo

I
I
I
I
I
I
I C-5
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I'I'I TABLE C-4

IOMIZATIOM POTENTIALS (IP) OF
ALIPHATIC ALCOHOL, ETHER. tfUOL, AND SULFIDES

'II'I'I'I

Molecule

H20
methyl alcohol
ethyl alcohol
n-propyl alcohol
i-propyl alco**ol
n-butyl alcohol
dimethyl ether
dieChyl ether
n-propyl ether
i-propyl ether
H2S
methanethiol
ethanethiol
l-propanethiol
1-butanethiol
dimethyl suifide
ethyl methyl sulfide
diethyl sulfide
di^n-propyi

IP (eV)

12 .59
10.85
10.48
10.20
10. 16
10.04
10.00

9.53
9 . 2 7
9.20

10.46
9.440
9.285
9 . 1 9 5
9. 14
8.685
8 .55
8 .430
8 .30

CO
h-
vO
t—
O
O

C-6
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TABLE C-5
IONIZATION POTENTIALS (IP) OF

SOME ALIPHATIC ALDEHYDES AND KETONES

Molecule IP (eV)

C02

formaldehyde
acetaldehyde
propionaldehyde
n-butyraldehyde
isobuCyraldehyde
n-valeraldchyde
taovalciraldehyde
acrolein
crotonaldehyde
benzaldehyde
acetone
nethyl ethyl tceCone
taethyi n-propyl ketone
inechyl i-propyl ketone
diethyl kotone
methyl n-butvl ketone
methyl i-butyl ketone
3,3-diraethyl butanone
2-hepCarsne
cyclopentanone
cyclohtxanone
2.3-butanedione
2.4-pentanedione

13 .79
10,87
10 .2 1

9 .98
9 .86
9 . 7 4
9 .82
9 . 7 1

10 . 10
9 . 7 3
5 . 5 3
9 .69
9 .53
9 .39
9 . 3 2
9 . 3 2
9 . 3 4
9 .3 d
9 . 1 7
9 . 3 3
9 . 2 6
9 . 1 4
9 .23
8 . 8 7

O
O

C-7
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TABLE C-6
IONIZATION POTENTIALS ( IP) OF

SOME ALIPHATIC ACIDS AND ESTERS

Molecule IP (eV)

C02
formic acid
acetic acid
propionic acid
n-butyric acid
isobutyric acid
n-valeric acid
methyl formate
ethyl formate
n-propyl formate
n-butyl formate
isobutyl formate
methyl acetate
ethyl acetate,
n-propyl acetate
isopropyl acetate
n*-butyl acetate
isobutyl acetate
sec-butyl acetate
methyl propionate
ethyl propionate
methyl n-butyrate
methyl isobutyrate

1 3 .79
1 1 .05
10 .37
10.24
10 . 16
10 .02
10 . 12
10 .815
10.61
10 .54
10 .50
10 .46
1 0 . 2 7
1 0 . 1 1
10 .04

9 .99
10 .0 1

9 . 9 7
9 . 9 1

10 . 15
10 .00
10 .07

9 .98

O
00

O
O

C-8
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TABLE 07
IONIZATION POTENTIALS (IP) OF

SOME ALIPHATIC AMINES AND AMIDES

Mclecule IP (eV)

NH3
methyl amine
ethyl amine
n-propyl amine
i-propyl amine
n-buCyl amine
i-butyl amine
s-butyl amine
t-butyl amine
dimethyl amine
diethyl amine
di-n-propyl amine
di-i-propyl amine
di-n-butyl amine
trimethyl amine
triethyl amine
tr i-n-propyl amine
formamide
acetamide
N-raechyl acetamide
N»N~dimethyl formamide
N,N-dimethyl acetamide
N » N-d i ethy 1 formamide
N,N-diethyl acetamide

10 . 1 5
8 .97
8 .86
8 . 7 8
S . 7 2 "^CO8 . 7 1 ^
8 . 7 0 ^ _
8 . 7 0 O
8.64 °
8.24
8 .0 1
7 .84
7 . 7 3
7 .69
7 . 8 2
7 . 5 0
7 . 2 3

10 .25
9 . 7 7
8 . 9 0
9 . 1 2
8 .8 1
8 .89
8 .60

IIIIII C-9
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TABLE C-8
IONIZATION POTENTIALS ( IP) OF

OTHER ALIPHATIC MOLECULES WITH N ATOM

I

Molecule IP (eV)

I

nit route thane
nitroethane
1-nitropropane
2-nitropropane
HCN
aceconitrile
propionitrile
n-butyronitrile
ac?yLonitrile
3-butene-nitrile
ethyl nitrate
n-propyl nitrate
methyl thiocyanate
ethyl thiocyanate
methyl isothiocyanate
ethyl iaothiocyanate

a.08
10,88
10 .8 1
10 .7 1
13 .9 1
12 .22
1 1 .84
1 1 . 6 7
10 .9 1
10 .39
1 1 .22

10 .065
9 . 8 9
9 . 2 5
9 . 1 4

CM
CC
MJ

Oo

C-10
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TABLE C-9
IONIZATION POTENTIALS ( IP) OF

SOME OLEFINS, CYCLO-OLEFINS, POLENES, ACETYLENES

Molecule

ethylene
propylene
1-buCette
2-raethy ipropene
trans-2-butene
cis-2-butene
1-pencene
2-methyl-l-butene
3-mechyl-l-butene
3-meChyl-2-butene
1-hexene
1,3-butadtene
isoprene
cyclopentene
cyclohexene
4-methylcyclohexene
4-cinylcyclohexeae
cyclo-octatetraene
acetylene
propyne
1-butyae

IP (eV)

10 .5 15
9 . 7 3
9 .58
9 .23
9 . 1 3
9 . 1 3
9 .50
9 . 12
9 .5 1
8 . 6 7
9.46
9 . 0 7
8.845
9 . 0 1
8 .945
8 . 9 1
8 . 9 3
7 . 9 9

1 1 .4 1
1 0 . 3 6
10 . 1 8

CO

Oo

II c-u
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TABLE C-10
IONIZATION POTENTIALS (IP) OF

SOME DERIVATIVES OF OLEFINS

Molecule

vinyl chloride
cia-dichloroethylene
trans-dichloroethylene
trichloroethylene
tetrachloroethylene
vinyl bromide
1,2-dibrotnoethylene
tribroraoethylene
3-chloropropene
2 , 3-d ichloropropene
1-bromopropene
3-browopropene
CF3CC1-CC1CF3

acrolein
crotonaldehyde
mesieyl oxide
vinyl methyl ether
allyl alcohol
vinyl acetate

IP (eV)

9.995
9.65
9.66
9.45
9.32
9.80
9.45
9 .27

10 .04
9 . 8 2
9 .30
9 . 7

1 0 . 3 6
10 .48
1 0 . 1 0

9 . 7 3
9 .08
8 . 9 3
9 . 6 7
9 . 1 9

00
vO

O
O

C-12
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TABLE C-11
IONIZATIOM POTENTIALS (IP) OF
SOME KETEROCYCLIC MOLECULES

Molecule

furan
2-methyl furan
2-furaldehyde
tetrahydro furan
dihydropyran
Cetrahydropyran
Chiophene
2-chlorothi.ophene
2-bromothiophene
pyrrole
pyridine
2-picoline
3*picoline
4-picoline
2,3-lutidine
2,4-lutidine
2,6-lucidine

IP (eV)

8.89
8.39
9.21
9.54
8.34
9.26
8.860
8.68
8.63
8.20
9.32
9 .02
9.04
9.04
8 .85
8 ,85
S.85

CO
vO

Oo

C-13
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TABLE C-12
IOKIZATION POTENTIALS (IP) OF

SOME AROMATIC COMPOUNDS

Molecule

benzene
toluene
ethyl benzene
n-propyl benzene
i-propyl benzene
n-butyl benzene
s-butyl benzene
t-butyl benzene
o-xylene
tn-xylene
p-xylene
mesitylene
durene
styrene
C(-methyl styrene
ethynylbenzene
napthalene
1-methylnapthaUne
2-methylnapthalene
biphenyl
phenol
anisole
phenetote

IPJeV)

9 .245
8 .82
8 . 7 6
8.72
8 .69
8.69
8 .68
8 .68
8 .56
8 . 5 6
8.445
8.40
8 . 0 2 5
8 .47
8 . 3 5
8 . 8 1 5
8 . 1 2
7 . 9 6
7 . 9 5 5
8 . 2 7
8 .50
8 . 2 2
8 . 1 3

CO

oo

C-14
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TABLE C-12 (Co nC . )
IONIZATION POTENTIALS ( IP) OF

SOME AROMATIC COMPOUNDS

Molecule IP (eV)

benzaldehyde
acecophenone
benzenethiol
phenyl isocyanate
phenyl isothiocyanace
benzonitrile
nitrobenzene
aniline
fluoro-benzene
chloro-benzene
broao-benzene
iodo-benzene
o-dichlorobenzene
m-dichlorobenzene
p-dichlorobenzene
l-chloro-2-fluorobenzene
l-chloro-3-fluotobenzene
I-broffio*4-fluorobenzene
o*£luorotoluene
m-£iuocoeoluene
p-fiuorotoluene
o-chlorocoluene
m-chlorocoluene

9 . 5 3
9 . 2 7
8 . 33
8 . 7 7
8 .520
9 . 7 0 5
9 .92
7 . 7 0
9 . 1 9 5
9 .07
8 .98
8 . 7 3
9 .07
9 . 1 2
8 .94
9 . 1 5 5
9 . 2 1
8 . 9 9
8 . 9 1 5
8 . 9 L 5
8 . 7 8 5
8 . 8 3
8 .83

CO
\oT-oo

C-15
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TABLE C-12 (Cont . )
IONIZATION POTENTIALS ( IP) OF

SOME AROMATIC COMPOUNDS

Molecule

p-chlorotolu«ne
o-bromotoiuene
ra-bromotoluene
p-bromotoluene
o-iodotoluene
na-iodotoluene
p-iodotolucne
benzocrifluoride
o-fluorophenol

IP (e.V).

8.70
8 .79
8 .8 1
8 .67
8.62
8 .6 1
8 .50
9 .68
8.66

00
00

oo

C-16
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TABLE C-13
IONIZATION POTENTIALS dp) CFSOME MISCELLANEOUS

Molecule

a thy lane oxide
pcopylena oxide
p-dioxane
dimethoxyme thane
diethoxymef:hane
1,1-diraethoxyethane
propiolactone
methyl disuifida
ethyl disulfide
diethyl suifite
thiolacetic acid
acetyi chloride
acetyl bromide

trichlorovinylsilane
(C 2F 5 >3

N

isoprene
phosgene

IP (eV)

10 .565
10 .22
9 . 13

10 .00
9 .70
9.65
9 . 7 0
8.46
8 .27
9.68

10 .00
1 1 . 0 2
1 0 . 5 5
10 .46
10 . 58
1 0 . 7 9
1 1 . 7
9 .08

1 1 . 7 7

ON
CO
vQ
r-
Oo

c-n
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APPENDIX D: RELATIVE SENSITIVITIES FOR VARIOUS
GASES ( 1 0 . 2 eV Lamp)

O
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RELATIVE SENSITIVITIES FOR VARIOUS GASES
( 1 0 . 2 *V Ump)

*Expresaed in ppra (V/V)

Photoionization
Sensitivity*
——^-^J I !•••» H^4lHM

p-xylene
ra-xylene
benzene
toluene
diethyl sulfide
diethyl arainfe
atyrene
trichloroethylene
carbon disulfide
isobutylene
acetone
tetrahydrofuran
methyl ethyl ketone
methyl isobutyl ketone
cyclohexanone
naptha (863! aroma t ics)
vinyl chloride
methyl iaocyanate
iodine
methyl mere apt an
dimethyl sulfide
ally! alcohol

1 1 .4
1 1 .2
10 .0 (reference standard)
10 .0
10 .0 ^
9.9 vo
9.7 T-
8.9 &
7 1 °/ . i
7 .0
6 . 3
6 . 0
5 . 7
2 . 7
5 , 1
5 .0
5 .0
4 . 5
4 . 5
4 .3
4 . 3
4 . 2

D-i
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RELATIVE SENSITIVITIES FOR VARIOUS GASES
( 10 .2 «V Lamp)

PhotoionizationSpecies Sensitivity*
propylene 4.0
mineral spirits 4.0
2 , 3*d ich ioropropene 4 . 0
cyclohcxene 3,4
crotonaldehyde 3.1
acrolein 3.1
pyridine 3.0
hydrogen sulfide 2.6
ethylene dibromide 2.7
n-octane 2.5
acetaldchyde oxime 2.3
hexane 2.2
phosphine 2 .0
heptane 1 .7
allyl chloride (3-chloropropene) 1 .5
<*th\/l«*n*> ovidg I r>GU l l T * l - t l * ;W *V i * J ^ i t \J

acet ic anhydride 1.0
ot*pinene 0.7
dilromochloropropane 0.7
epichlorohydrin 0 .7
nxtric oxide 0.6
d-pinene 0.5

CM

oo

*Expreseed in ppm (V/V)
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RELATIVE SENSITIVITIES FOR VARIOUS GASES
( 10 ,2 eV Lamp)

Specieg

citral
acetic acid
nitrogen dioxide
methane
acetylene
ethylene

*£xpresaed in ppm (V/V)

Photoionization
Sensitivity*

0.5
0.1
0.02
0.0
0.0
0.0

D-3

O
O
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APPENDIX E: hNu TROUBLE SHOOTING
GUIDE
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APPENDIX E

hNu TROUBLE SHOOTING GUIDE

1. No meter response in any switch position (including BATT CHK)
A. Broken meter movement

(I) Tip instrument rapidly from side to side. Meter needle
should move freely, and return to zero.

B. Electrical connection to meter is broken
(1) Check all wires leading to meter and clean the contacts of

quick-disconnects .
C. Battery is completely dead

(1) Disconnect battery and check voltage with a volt-ohm meter.
D. Check 2 amp fuse
E. If none of the above solves the problem, consult the factory.

2. Meter responds in BATT CHK position, but reads zero or near zero for
all others
A. Input transistor or amplifier has failed

(1) Rotate zero control; meter should deflect up/down as control
is turned.

(2) Open probe. Both transistors should be fully seated in
sockets.

B. Input signal connection broken in probe or readout
(1) Check input connector on printed circuit board. Should be

firmly pressed down.
(2) Check components on back side of printed circuit board. All

connections should be solid, and no wires should touch any
other object.

(3) Check all vires in readout for solid connections.

3. Instrument responds correctly in BATT CHK, and STBY, but not in mea-
suring node.
A. Check to see that light source is on

E-l

vD

vD

o
O
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APPENDIX E (Cont.)
hNu TROUBLE SHOOTING GUIDE

4. Instrument responds correctly in all positions, but signal is lower
than expected.
A. Check span setting for correct value.
B. Clean window of light source.
C. Double check preparation of standards.
D. Check for proper fan operation.
E. Rotate span setting. Response should change if span pot is work-

ing properly.

5 . Instrument responds in all switch positions, but is noisy (erratic
meter movement).
A. Open circuit in feedback circuit. Consult the factory.
B. Open circuit in cable shield or probe shield. Consult the fac-

tory.

oo

6. Instrument response is slow and/or irreprodL;ible.
A. Fan operating improperly.
B. Check calibration and operation.

7. Low battery indicator.
A. Indicator comes on if battery charge is low.
B. Indicator also comes on if ionization voltage is too high

E-2
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SELECfEO RETENTION TIMES

ORDER OF ELUTION FOR 1-8 COLUMN AT O'C ORDER OF ELUTKM FOR 1-6 COLUMN AT 4Q*C

Cocpound lime. Seconds Compound Time, Seconds
Pentene
Freon 113
Hexone
Vinyl Edene Chloride
Heptane
Ethanethiol
Trichloroethane 1 » 1 , t
Hatothane
Methylene Chloride
Methyl Acetate
Ethrane
Trlchloroethylene
let rahydro fur an
Aretone
Vinyl Acetate
Benzene
Chloroform
Ethyl Acetate
Hethyl «crylate
Hethyl Alcohol
Tetrachtorocthylene
Hethyl Ethyl Ketone
Acrylonitrile
Ethylene Dichloride
toluene
Hethyl Hetliacrylate
Ethyl Acrylate
Acetonitrile
Propanol, N
Hethyl tsobutyl Ketone
Etliyl Benzene
Trichloroethane 1 , 1 ,2
Styrene
Pyrldine
Pentanol
Cthyleno Dibromide
Butyl Acrylate

13.5
16 .2
19.8
21 .6
26.1
26.1
51 .3
57.6
63.0
79.2at. 9
84.6
97.2
98. t
99.0

102.6
107.1
126.0
158 .6
145. t
152.1
179 . 1
202.5
225.0
252.2
247.5
247.5
324.0
340.2
450.0
464.4

1000.0
1000.0
1000.0
1000.0
1000.0
1000.0

Pentane
Hexane
Freon 11)
Vinylidene Chloride
Ethanethiol
Heptane
Halo thane
Ethrane
Trichloroethane 1 , 1 , 1
Methylene Chloride
Hethyl Acetate
Trichloroethylene
Acetone
Ethyl Acetate
Vinyl Acetite
Tetrshydrofuran
Ch I or of one
Benzene
Tetrachloroethylene
Hathyl Ethyl Ketone
Hethyl Acrylate
Hethyl Alcohol
Toluene
Acrylonitrlle
Ethylene Oichloride
Ethyl Acrylate
Hethyl Methacrylate
Propanol, N
Hethyl laobutyl Ketone
Acetonitrile
Ethyl Benzene
Ethylene Oibronide
Butyl Acrylate
Trichloroethane 1 , 1 , 2
Styrene
PentanolPyr(f 8 1 6 9 9

1 1 .7
12 .6
12 .6
14.1
14 .4
16.2
18.9
18.9
21 .6
23.4
2.3.4
27.9
27.9
28.8
29.7
29.7
30.6
32.4
36.0
39.6
41.4
45.0
48.6
49.5
50.4
50.4
54.9
61 .2
69.3
69. 3
8 7 . 5

162.9
165.6
167.4
20B.6
216.0

7000.0
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SELECTED REIENTION !H€S (Cont)

ORDER OF ELUTIGN FOR B-8 CQLUW AT 0°C
, Seconds

18.0
18.0
19. 0
2S.6
26.1
30.6
31 .5
32.4
36.0
56.9
36.9
56.9
56.9
40.5
45.9

ORDER OF ELUUQN FOR B-8 COLUMM A( 40"C

Freon 113
Pentone
Ethanettuol
Vinylidene Chloride
Hexane
Methylene Cltlande
Methyl Acetate
Acrylomtnie
Vinyl Acetate
Ethrane
Methyl Alcohol
Halothane
Acelocutcile
Acetone •
Tnchloroethana 1,1 »1
Heptane
Methyl Aerylate
Ethyl Acetate
Benzene
Chlorofora
Tet rahydrofuran
Ethylene Bichloride
Irtchloroethytene
Methyl Ethyl Ketone
Ethyl Acrylete
Methyl Hethacrylate
toluene
letrachloroethylene
Propanol, W
Methyl Isobutyt Ketone
Frichloroethane 1 , 1 ,2
Ethytene Dibronide
Ethyl Benzene
Styrena
Pyridine
Pent anol
Butyl Aeryiate

48
49
49
51
65.7
66.6
76.5
76.5
95.4

100.8
U5.2
17 1 .0
182.7
27B.1
3 15 .2
520.4
569.9
677.7

t OOO.Q
1000. 0
1000.0

Compound
Pentane
Vinytidene Chloride
llexone
Freon 113
Ethrane
EEhanethiol
Methylene Chloride
Vinyl Acetate
Trichtoroethane 1 , 1 , 1
Methyl Acetate
Halothane
Chloroform
Acetonitrile
Heptane
Ethyl Acetate
Acrylomtnie
Methyl Aery late
Ethylene Dichlortde
Acetone
Methyl Ethyl Ketone
Methyl Alcohol
Benzene
Tet rahydrn fu ran
T richloroethylana
Ethyl Acrylate
Methyl Methacrylate
Toluene
Propanol, H
Methyl Isobutyl Ketone
Tetrachloroethylene
Trichloroethane 1 , 1 ,2
Ethyleno Oibroaide
Ethyl Benzene
Butyl Acrylate
St yrene
Pentanol
Pyridine

Seconds
1 1 .7
12.6
12.6
12 .6
12.6
12 .6
14.4
15 .
15.
16.
17 .
17 ,
17.
IB.
IB.
18.9
19.8
19.B
19.8
21 .6
21 .6
21.6
22.5
23.4
26.1
27.0
37.8
38.7
39.6
43.2
54.0
59.4
67 .5

100.0
1 17 .016 3.a

1000.0

(J / u u
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SELECTED RETENTION TIMIS (Cont)

ORDER OF tUIEIQN fDR C-8 COLUMN AT

Compound
Methyl Alcohol
Ethenethlol
Vinylidene Chloride
Pentane
Ethrene
Acetone
Kethylene Chloride
Methyl Acetate
freon ttJ
Acetonttrile
Acrylonitrile
Hatothane
Vinyl Acetate
Methyl Ethyl Ketone
Propanol, N
Hexane
Chloroform
Methyl Aerylate
Ethyl Acetate
Tetrahydrofuran
Ethylene Oichioride
Irichloroethane 1 , 1 , 1
Benzene
Trichloroethylene
Ethyl AeryIate
Heptane
Methyl Methacrylate
Methyl Ksobutyl Ketone
Frichloroethane 1 , 1 ,2
Toluene
Pyridine
Ethylene Dibromide
Pentanol
Tetrachloroethylene
Ethyl Benzene
Styrene
Butyl Aerylate

time. Seconds
21 .3
2i.9
25.2

25 .7
27 .5
30.1
30.1
30.1
30.1
3 1 .0
35.4
43.2
48.7
49.5
49.fi
55.8
56.7
59.4
64 .B
68.2
7 0 . 2
76.8

12 1 . 5
124.9
134.6
141 .7
1B2.5
225.0
241 .2
254.7
291.4
560.0
367.2
571.4
916.2

tQOO.Q

ORDER OF ELUtlON FOR C-8 C3LUMN AT 4Q'C

Compound
Pentane
Ethrane
Ethanelhiol
Methyl Acetate
Acetone
Methylene Chloride
Methyl Alcohol
Ha loth one
Freon 113
Vinylidene Chloride
Acetooitrile
Vinyl Acetate
Acrylonitrile
Methyl Ethyl Ketone
Hexane
Ethyl Acetate
Chlorofom
Propanol , N
Ethylene Oichioride
Methyl Acrylate
Tetrahydrofuran
frichloroethane 1 ,1 , 1
Benzene
Ethyl Acrylate
I r ich 1 oroethy lene
Heptane
Methyl Methacrylate
Methyl Uobutyl Ketone
Trichioroethane 1 , 1 ,2
Toluene
Methyl Acrylete
Ethylene Oibrnmide
Tetra hloroethylene
Pen tana I
Pyridine
Ethyl Benzene

Time, Seconds
1 1 .5
12.4
12.4
13
13
14
14
U
14
14.4
15.9

But 7ate7

36.fi
16.6
78.6
18.6
18.6
19 .B
21.3
21.3

23.0
25 .7
50.1
H.O
J7.2

41 .6
45.0
56.7
56.7
i55.7
77.4
fl5.5
94.8

1 18.8
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GLOSSARY

AC battery charger - a black rectangular box with two cords attached to
it. One cord plugs into an AC outlet, while the other cord attaches
to the instrument being recharged. The OVA charger has a charge
on/off switch,

Baekflush valve - on the OVA; used to reverse the hydrogen flow through
the column; injected samples then flow directly to the detector.

B-coluan - One of the three types of columns made for the OVA. This
column contains 3t Diisodecyl Phthalate on chromosorb WAV 60/80 mesh.
This is a low polarity column.

Battery cheek - instrument switch on both tht; OVA and the hNu that indi-
cates the charge in the battery.

Battery pack - located on the front of the OVA and on the back of the
hNu; serves as the power source of the instrument.

Carrier gas - used in the OVA to carry ambient air through the column and
to the detector, or directly to the detector. f*2 is the gas,

Charcoal filter » there are two that can be used on the OVA. One ia
permanently attached and is used whenever a chromatogram is run. Theother ma be a o
other may be screwed into the probe/readout assembly.

Chroma to gram - a finger print of a sample. Different peaks on a strip
chart represent different volatile organic chemicals. A chromatogram
is obtained after a syringe injection of headspace gas is made into
the column through the T-adapter.

Column - a variable length nickel tube (usually 8", 12" or 24") that
contains a certain parking (Type T, B, or G).

Concentration range selector * This is on the OVA and hNu. The desired
range can be set when monitoring the ambient air. The OVA and hNu
both have three settings: 1 to 10, 1 to 100, and 1 to 1000 on the
OVA; while the hNu has 0 to 20, 0 to 200, and 0 to 2000.

DOT exemption - a letter of exemption of the OVA from the aircraft rules
which do not allow flanmabl* gas to be shipped. This exemption may
allow the OVA to be shipped or carried full on passenger aircraft.

Electronic zefo - found on the hNu; it is used to adjust the zero elec-
tronically when the instrument is placed in the standby position with
the probe attached.

O
r-
•r-
O
O

G-l

001703



V"
O
O

Fan - in the hNu, it maintains a flow of sample gas through the ion
chamber.

Flame arrestor - a gold colored metal screen that contains the flame of
the flame ionization detector. It is located at the bottom of the
OVA.

Flame ionization detector - a detector that uses a flame, fueled by
hydrogen, to ionize individual contaminants as they emerge from the
column. The ions are then attracted to an oppositely charged elec-
trode, causing a current and finally an electric signal to the Strip
Chart Recorder.

Flame-out alarm - audible alarm that is activated when the flame in the
flame ionization detector goes out. ^|

Gas select knob - found on the OVA, it provides a choice of setting where O
a certain gas can be used to calibrate the instrument. ^

G-column - one of the three types of columns made for the OVA. This
column contains a 10Z OV-101 on chromosorb W AW-DMCS treated 60/80
mesh.

Glow plug - located in the chamber that supports the flame for the flame
ionization detector. It provides the ignition source for the flame.

Headspace sample - a VGA vial filled three quarters of the way with water
or soil. The remaining quarter of the vial is airspace.

Hydrogen - a diatomic gas that serves as the carrier gas and fuel supply
for the OVA.

Hydrogen f^il 1 hose - a hose with a pressure gauge, an adaptor to a type
1A hydrogen cylinder, and an adaptor to the refill valve on the OVA.
It serves to refill the OVA with hydrogen from the type 1A cylinder.

H2 refill valve - This valve is only turned on when there is an open
path through the hydrogen fill line to the type 1A hydrogen cylinder,

H2 supply pressure valve *- in the open position this valve allows a
measured flow of hydrogen through the column and on to the detector in
the OVA.

H2 tank valve - in the open position this allows the hydrogen from the
OVA's cylinder to flow to the t^ supply pressure valve.

Ignite button « when this is depressed the element in the glow plug glows
ted hot and causes ignition of the flame of the flame ionizacion
detector.

G-2

001704



Injection - this takes place when a syringe containing gas i» introduced
into the column through the septum contained in the T-adaptor, and
depressed so as to enter its contents into the column.

Instrument switch - found on the OVA, this switch turns on the elec-
tronics for the OVA except for the pump and glow plug.

Ipnization energy - energy needed to ionize gaseous molecules. This is
usually expressed as ionization potential.

Isothermal column - 4 column that is wrapped around a hollow metal tube
and then insulated with styrofoam. The purpose of this structure is
to keep the column at a fixed temperature throughout the analysis.

.Lamp - found in the probe of the hNu, it emits ultraviolet light (pho-
tons) into the ioniz&tion chamber.

Mercury - used in making standards for the OVA. A small amount is used
to cover tha septum when the standard is inverted for storage in order
to prevent the solvent vapor from escaping.

Mylar bag - used to hold a gas mixture, which can be introduced into the
OVA or hNu through an attached hose or syringe injection.

"Off-scale' 1 - term uaed to describe the full scale deflection of the
needle for a particular concentration on the OVA or hNu.

Packing - the inner contents of the chromatographic columns used for the
OVA. The different packings are designated by letters: T, B, and G.

Parts per billion - 1 part of a chemical in 1 billion parts of air or
water (by volume).

Parts p^r mil;ion - I part of a chemical in 1 million parts of air or
water (by volume).

Phptpipnizatipn - the absorption of ultraviolet Ught (a photon) by a
molecule that leads to ionization. RH * hv-»RH* * e", where RH is
« trace gas and hv is a photon with an energy greater than or equal to

. ionization potential of RH,
Photon - a quantity of ultraviolet light
Porous, filters - particle filtera that are found in the probe fixtures

and at the junction of the umbilical cord and the side pack assembly.
Primary calibration gas - for the OVA this gas is a methane/air mixture,

and the gas select knob is set at 3 .0 ; while the hNu uses a benzene/
air mixture and th* ««»« *- * • • • • • -- - -

in
O

O
O

air mixture and the span setting is 9 . 8 .

G-3
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Probe/Probe readout assembly (OVA) - attached to the end of the umbilical
cord of the OVA, ic contains the inlet of the air sampling line and a
dial with a linear scale readout.

Probe (hKu) ~' attached at the end of the electrical cord that orginates
from the instrument panel of the hNu. The probe contains a lamp,
ionization chamber and a fan to draw in sample gas to the ionization
chamber.

Probe extender - both the OVA and hNu have one. It attaches to the end
of the probe to shorten the distance one has to get to the source of
interest.

Pump switch - found on the OVA, when in the on position it pumps in ambi-
ent air at a rate of 2 units.

Retention tint - the total time required for a volatile chemical to
emerge from the column into the detector from the moment of introduc-
tion into th« column of the OVA.

Sample screening * Determining total volatile organic chemical content of
ambient air or a h«adspace sample by injection into the T-adaptor of
the OVA while the OVA is in th« backflush node.

Sample flow rate gauge - This gauge is used to monitor the intake of am-
bient air by the pump.

Sample inject valve - When this valv« is in the "up" position ambient air
is pumped directly to the detector and the instrument is in the survey
mode. If depressed during the survey mode, the ambient air is re-
directed through a charcoal filter before continuing to the detector.

Septum - This is a replaceable! circular, rubber disc with a ten tailli-
meter diameter that fits into the septum adaptor.

Septum adaptor - This screws onto the T-adaptor and provides a guide for
the syringe during injections.

Side Pack Aasetnbly * this is the main unit of the OVA. It contains most
of the operating controls and indicators, the electronic circuitry,
detector chamber! hydrogen fuel supply and electrical power supply.

Standard - This is a known chemical that is in solution with distilled
water and contained in a VOA vial in such • way that a tuaadspace is
present. A syriugd can then withdraw some of th« headspace gas after
the vial is agitated, and this gas can then be injocted into the
column for chromatographic analysis. Comparison to unknown samples
then follows.

oo
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Standby knob - this is found on the hNu and allows the hNu to warm up in
a non-emergency demanding position. The instrument can also be elec-
tronically zeroed at this position.

Strip Chare Recorder - a ticking type recorder that forms a permanent
record of the electronic signals that come from the detector.

Survey mode - the OVA is in this mode when the sample inject valve is in
the up position. In this mode ambient air is pumped directly to the
detector*

Syringe - a gas tight hollow glass tube with a hollow needle on one end
and a plunger on the other end that is used to collect headspace gas
or ambient air for injections into the OVA.

T-Cplunm - one of the three types of columns made for the OVA. This
coluan contains a II 1 .2 ,3 Tris (2 cyanoethoxy) propane (also known as
TCEP) on chromosorb W HP, 60/80 mesh.

Teflon tape - used to obtain an air tight seal between connectors in the
hydrogen line of the OVA.

Total volatile organic reading - measurement of total volatile organic
chemical content of ambient air.

Ultraviolet light - This light or radiation has a wavelength (*) between
4000-2000 A .

Umbil ical cord - two cords intertwined bridging the side pack assembly of
the OVA to the probe assembly. This umbilical cord contains an elec-
tronic cable and an ambient air sampling line.

UV transmitting window - window on the UV lamp of the hNu that emits
photons of UV light.

VQA .Vial * a tubular glass vial with a rubber septum cap that is coated
with Teflon on one side (usually 40 to 45 ml).

Volatile organics - organic chemicals that have low boiling points and
high v«por pressures.

o

oo
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APPENDIX V

LEVEL C DECONTAMINATION
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This Appendix contains decontamination procedures to be followed
in the event that Level C protection is required.

O

O
O
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ANNEX 3
LEVEL C DECONTAMINATION

A. EQUIPMENT WORN
The full decontamination procedure outlined is for workers wearingLevel C protection (with taped joints between gloves, boots, andsuit) consist ing of:
- One-piece, hooded, chemical-resistant splash suit.
- Canister equipped, full-face mask.
- Hard hat.
- Chemical-res istant, steel toe and shank boots.
- Boot covers.
- Inner and outer gloves*

B. PROCEDURE FOR FULL DECONTAMINATION
Station 1: Segregated Equipment Drop
Deposit equipment used on-site (tools, sampling devices and containers,monitoring instruments, radios, clipboards, etc.) on plastic dropcloths or in different containers with plastic liners. Each will becontaminated to a different degree. Segregation at the drop reducesthe probability of cross-contamination.

Equipment: various size containersplastic linersplastic drop cloths
Station 2: Boot Cover and Glove Wash
Scrub outer boot covers and gloves with decon solution or detergent/water.

Equipment: container (20-30 gallons)decon solutionor
detergent water2-3 long-handle, soft-bristle scrub brushes

o"»
r-
oo
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:. Boot Cover and Glove Rinse

E<1Ulpment: r (30-50 gal lons)or '
Mgh-pressure spray unit

Boo. Co,«r
«e«o»e toot c<,«rs JM fc -7 "" '""ft'l inersbench or stool

Outer Glove Removal
C

r-
oo

— .puiem; container (20-3C
plast i c l iners

.Station ?• S iMt/c * * » * «————LL ^it/Safety Boot Wash
Thoroughly wash splash suit and safety boots. Scrub with long-handle, soft-br i s t le scrub brush and copious amounts of decon
solution or detergent/water. Repeat as many times as necessary.

Equipment: container (30-50 gal lons)decon solutionor
detergent/water
2-3 long-handle, soft-brist le scrub brushes

Suit/Safety Boot Rinse

A3-2
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Rinse off decon solut ion or detergent/water using copious amountsof water. Repeat as many times as necessary.
Equipment; container (30-50 gal lons)or

high-pressure spray unitwater
2-3 long-handle, soft-bristle scrub brushes

Station 9: Canis ter or Mask Change
If worker leaves Exclusion Zone to change canister (or mask) , this
is the last step in the decontamination procedure. Worker 's canisteris exchanged, new outer gloves and boots covers donned, and jointstaped. Worker returns to duty.

Equipment: canister (or mask)
tapeboot coversgloves

Station 1Q: Safety Boot Removal
Remove safety boots and deposit in container with plastic liner.

Equipment: container (30-50 gal lons)plast ic linersbench or stoolboot jack
Station 11: Splash Suit Removal
With ass istance of helper, remove sp lash suit . Deposit in containerwith plast ic l iner.

Equipment: container (30-50 ga l l on s )
bench or stooll iner

Stat ion 12: Inner Glove Wash
Wash inner gloves with decon solution or detergent/water that wil lnot harm sk in. Repeat as many times as necessary.

Equipment: decon solution
or

detergent/waterbasin or bucket

CM
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Station 13: Inner Glove Rinse
Rinse inner gloves with water. Repeat as many times as necessary.

Equipment: waterbasin or bucketsmall table
Station 14: Facepiece Removal
Remove facepiece. Avoid touching face with gloves. Depositfacepiece in container with plastic liner.

Equipment: container (30-50 gallons)plastic liners
Station 15: Inner Glove Removal
Remove inner gloves and deposit In container with plastic liner.

Equipment: container (20-30 gal lons)plastic liners
Station 16: Inner Clothing Removal
Remove c loth ing soaked with perspiration. Place in container withplastic l iner. Do not wear inner clothing off-site since there isa possibi l ity small amounts of contaminants might have beentransferred in removing splash suite.

Equipment: container (30-50 gal lons)plast ic liners
Station 17: Fie ld Wash
Shower if highly toxic , skin-corrooive or skin-absorbable materialsare known or suspected to be present. Wash hands and face if showeris not avai lable .

Equipment: watersoaptableswash basins/bucketsfield showers
Stat ion 18: Redress
Put on clean clothes. A dressing trailer is needed in inclement weather.

oo
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pment: tableschairslockersclothes

C. F«LL
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